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is  said  to  be  the  main  reason  for  crop  failure  in  hedgerow  intercropping  (alleycropping) 
in  the  semiarid  tropics.  However,  the  mechanisms  of  such  interspecies  competitions 
have  not  been  clearly  understood.  Results  of  a series  of  investigations  on  these  aspects, 
conducted  in  the  highlands  of  Kenya,  are  reported  here. 

In  the  first  experiment,  soil-water  changes  and  root  dynamics  in  a leucaena 
(Leucaena  leucocephala  Lam  de  Wit.)  and  maize  (Zen  mays  L.)  alleycropping  system 

leucaena  and  maize  (expressed  as  cm  root-length  cmJ  soil)  increased  under  the 
hedgerow  intercropping  system  compared  to  the  sole  crop  system.  Furthermore,  the 


intercropped  maize  had  higher  root  density  than  sole-cropped  maize  i.e.,  when  maize 
was  grown  alone.  Nutrient  contribution  through  root  turnover  of  the  woody  species  in 
a cropping  season  of  about  120  days  was  estimated  as  7 kg  N and  0.2  kg  P ha1. 

extent  of  water  availability  in  the  system  was  examined  in  another  study.  Soil  water 
availability  was  higher  under  the  periodically-pruned  hedges  than  under  the  unpruned 
tree.  Maize  produced  more  roots  when  grown  under  unpruned  trees  than  with  hedges 
or  as  a sole  crop.  A third  study  showed  that  above-ground  pruning  of  leucaena  reduced 
the  number  and  distribution  of  its  structural  roots;  however,  when  the  root  system  was 
modified  artificially  by  placing  a galvanized-iron-sheet  barrier  around  the  tree  up  to 
100  cm  soil  depth,  the  number  and  distribution  of  structural  roots  increased. 

In  summary,  when  grown  with  a woody  component,  maize  produced  more  roots 

availability  was  less.  Soil  water  was  depleted  more  rapidly  under  hedgerow 
intercropping  than  under  maize-sole-cropping  condition.  Above-ground  pruning 
seemed  to  influence  the  structural  root  (>2  mm  in  diameter)  distribution  of  the  woody 
species,  but  its  effect  on  fine-root  (<2  mm  in  diameter)  density  was  not  clear  since 
root  density  was  also  influenced  by  soil-water  status.  Future  research  should  focus  on 
the  effect  of  time  and  frequency  of  pruning  the  woody  species  on  its  root  dynamics  and 
influence  on  growth  of  alleycrops. 


CHAPTER  1 
INTRODUCTION 

Hedgerow  intercropping  (commonly  called  alleycropping)  was  developed  as  a 
low  input  technology  in  the  tropics  to  overcome  soil  fertility  depletion  and  facilitate 

crop  yield  and  soil  fertility.  The  system  involves  growing  of  annual  food  crops 
(alleycrops)  in  the  alleys,  between  frequently-pruned  hedgerows  of  woody  species 
(Kang  ct  al.,  1990);  the  prunings  are  incorporated  into  the  soil  either  as  green  manure 
or  arc  spread  on  the  surface  to  provide  additional  benefits  such  as  soil  and  water 
conservation  (Young,  1989;  Naireial.,  1993a).  The  technology,  originally  developed 

success  (Singh  etal.,  1989;  Rao  etal.,  1991;  Jama,  1993).  Although  most  of  these 
reported  failures  were  attributed  to  below-ground  interactions,  especially  competition 
for  water,  between  the  hedgerow  and  crop  species,  adequate  research  has  not  been 
conducted  to  understand  the  mechanisms  of  below-ground  interaction  between  the  - 
hedgerow  and  crop  species  and  how  such  interaction  affects  the  performance  of  the 
system. 

Several  factors  are  important  in  the  study  of  below-ground  interaction.  Notable 
among  these  arc  root  dynamics  and  characteristics  of  the  interacting  species,  impact  of 


semiarid  and  subhumid  highlands  of  Kenya.  The  field  investigations,  focused  on  the 

nutrients,  and  light),  were  carried  out  during  September  1992  to  August  1994. 

2 reviews  the  current  state  of  knowledge  on  below-ground  interactions  in  agrofbrestry 
systems.  Chapter  3 reports  the  results  of  an  investigation  on  soil  water,  root  dynamics, 
and  crop  performance  in  a hedgerow  intercropping  system.  Studies  on  the  above-  and 
below-ground  competition  at  the  trce/crop  interface  are  reported  in  Chapter  4.  Chapter 
5 reports  a characterization  of  root  systems  of  four-ycar-old  leucaena  trees;  it  is 
followed  by  Chapter  6 which  gives  a synthesis  of  results,  summary,  and  conclusions. 
Finally,  in  Appendix  I,  root-density  comparison  between  two  commonly-used 
hedgerow  species  (leucaena  and  calliandra)  is  explained. 


CHAPTER  2 

BELOW-GROUND  INTERACTIONS  IN  AGROFORESTRY:  THE  PRESENT 
STATE  OF  KNOWLEDGE 

Organized  international  efforts  in  agroforestry  started  just  under  two  decades 
ago.  Reviewing  the  ‘history’  of  developments  in  agroforestry  research  during  this 
period,  Nair  (1995b)  grouped  the  major  areas  of  thrust  into  three  categories: 
methodological  studies,  system-  and  component-descriptions,  and  experimental  and 
quantitative  investigations.  Although  both  biophysical  and  socioeconomic  aspects  have 
been  addressed  under  all  these  categories,  a vast  majority  have  been  of  biological 
nature.  Lately,  experimental  and  quantitative  studies  on  biological  aspects  (such  as 
screening  and  selection  of  multipurpose  trees,  component-  and  system-management 
trials,  and  prototype-technology  evaluations)  have  become  the  dominant  area  of 
agroforestry  research  (Nair,  1995b).  Yet,  studies  on  interactions  between  the  woody 
and  nonwoody  components  of  agroforestry  systems  have  been  relatively  scanty 
although  it  has  often  been  emphasized  in  the  growing  body  of  agroforestry  literature 
that  the  success  of  agroforestry  relies  heavily  on  exploiting  such  component  interactions 
(Nair,  1993;  Nair,  1994;  Sanchez,  1995). 

Whatever  investigations  that  have  been  made  in  agroforestry  interaction  studies 
have  followed  the  path  of  agronomic  intercropping  studies  (which  have  mos 
the  extensive  ecological  studies  on  interaction).  Moreover,  most  reports  on 


stly  followed 


Ibis  subje 


thrust  of  these  studies  although  several  reviewers  have  emphasized  their  importance 
oilman,  1990;  Anderson  and  Sinclair,  1993;  Nair  and  Muschler,  1993).  Thus, 
knowledge  on  this  subject  is  relatively  shallow,  and  a review  of  the  subject  will 
inevitably  be  brief  especially  if  it  is  based  on  (tropical)  agroforestry  literature. 

based  systems  in  the  tropics  as  well  as  those  in  the  temperate  zone.  First  of  all,  it  is 
important  to  clarify  the  concepts  of  some  terms  used  in  this  dissertation. 


Explanatian.of.SomeTcnns.and  Concepts 
In  the  context  of  this  discussion,  the  word  interaction  refers  to  the  influence  of 
one  species  or  component  of  the  system  on  the  performance  of  other  componentfs),  and 
thus  of  the  overall  system  (Nair  et  al.,  1994).  The  nature  of  interactions  in 
agroforestry  systems  can  be  examined  ih  various  ways.  Agroforcstry  researchers 
generally  seem  to  use  the  terms  "below-ground"  and  "above-ground"  as  adjectives  to 
describe  interactions  (mostly  competitive)  between  components  for  growth  factors 
absorbed  through  roots  (nutrients  and  water)  and  those  absorbed/intercepted  through 
leaves  (mainly  radiant  energy)  (Singh  et  al.,  1989;  Monteith  et  al.,  1991;  Anderson  and 
Sinclair,  1993;  Ong  and  Black,  1994).  Partitioning  the  interactions  into  above-  and 


the  processes  are  interdependent  and  their  net  effects  can  be  positive  (beneficial  or 
production-enhancing)  or  negative  (harmful  or  production-decreasing)  (Nair  and 
Muschler,  1993).  These  effects  can  be  direct  or  indirect.  For  example,  for  herbaceous 
components  of  agroforestry  systems,  direct  effects  may  result  from  the  microclimate 
amelioration  or  changes  in  nutrient  relations  caused  by  physical  presence  of  the  woody 
component  in  the  system,  and  indirect  effects  may  result  from  management  practices 

Another  way  of  examining  the  nature  of  interactions  is  based  on  the 
arrangement  of  components  in  time  and  space.  For  example,  the  nature  of  interactions 

sequential  (i.e.,  time-dominant;  e.g.,  tree  fallows),  simultaneous  (i,e„  space-dominant; 
e.g.,  alleycropping,  boundary  planting),  or  a combination  of  simultaneous  and 
sequential  (e.g.,  shaded  perennial-crop  systems,  taungya,  rotational  hedgerow 

Yet  another  perception  of  interactions  in  agroforestry  systems  is  the  complex  set 
of  economic  and  social  interactions  in  the  context  of  fanner  and  community,  and  these 
interactions  are  as  important  as  biological  interactions.  Nevertheless,  the  focus  here  is 
on  biophysical  interactions,  especially  the  below-ground  interactions. 

Another  term  that,  though  commonly  used,  does  not  seem  to  have  been  well 
understood  in  such  discussions,  is  "tree/crop  interface."  From  the  early  stages  of 


agroforestry  research,  it  was  recognized ' 


single-specie 


order  to  derive  an  optimum  spacing  between  the  tree  and  crop,  an  understanding  of  the 
orientation  (east  to  west  or  north  to  south)  and  spatial  arrangement  of  the  tree  species 
was  considered  to  be  very  important  (Huxley  et  al.,  1994).  Therefore,  studies  were 
conducted  with  a single  row  of  trees  at  the  center  of  an  experimental  plot  and  food 
crops  grown  on  cither  side  of  the  tree  row.  In  each  plot,  the  zone  in  which  the  tree  and 
crop  species  interact  for  light  interception,  nutrient-  and  water-uptake  was  referred  to  as 
Tree/Crop  Interface  (Huxley  et  al.,  1989).  This  is  the  concept  of  tree/crop  interface  as 
used  in  this  dissertation.  It  needs  to  be  clarified  that  the  term  "tree/crop  interface" 
applies  not  only  to  single-row  plots,  but  also  to  alleycropping  system  in  which  multiple 
rows  of  tree  species  exist  at  varying  inter-row  spacings. 


As  mentioned  earlier,  the  results  of  interaction  are  commonly  expressed  in 
terms  of  the  net  effect  on  yield  of  biomass  or  of  some  (other)  economic  products. 
While  this  may  appear  to  be  useful  in  a practical  sense,  it  does  not  give  any  indication 
of  the  mechanisms  involved,  and  therefore,  are  not  useful  for  manipulating  the 
mechanisms  for  better  results.  It  is  imperative  that  interaction  studies  be  more 
analytical. 


> is  likely  to  be  i 


voody  and  nonwoody 


il„  1991; : 


t al.,  1994).  II  is  therefor 


most  interaction  studies  deal  with  competition.  Since  competition  for  soil  water 
(throughout  this  dissertation  the  term  "soil  water"  refer  to  both  soil  water  and  soil 
moisture;  these  latter  terms  often  are  used  interchangeably  in  the  literature)  is  the  most 
conspicuous  form  of  competition  in  semiarid  conditions  (Singh  et  al.,  1989;  ICRAF, 
1993),  and  because  water  uptake  will  be  determined  by  the  extent  of  root  proliferation, 
the  study  of  root  system  dynamics  is  crucial  to  the  study  of  competitive  interactions  in 
semiarid  conditions. 


Witiigen  and  Van  Noordwijk,  1987;  Van  Noordwijk  and  Brouwer,  1992).  The  most 


1)  Root  length  density-the  length  of  roots  present  in  a unit  volume  of  soil  and  it  is 

2)  Root  biomass-the  dry  weight  of  roots  present  in  a unit  volume  of  soil  and  it  is 
expressed  as  g cm'1. 

3)  Root  surface  area-lhe  surface  area  of  root  in  a unit  volume  of  soil  and  it  is 


4)  Root  spread-the  number  of  root  tips  (<2  mm  in  diameter)  observed  in  a unit 
area  of  the  observation  plane. 


5)  Ro 


in  diameter). 

Among  these  terminologies,  root-length  density  (root  density)  is  widely  used  as 
an  index  to  express  the  magnitude  of  competition,  nutrient-  and  water-uptake; 
therefore,  given  the  focus  of  the  dissertation  on  below-ground  interactions,  the  same 

Taylor  et  al.,  1992).  Die  most  commonly  used  methods  are: 

1)  Excavation  (Trenching)  method-root  observations  arc  made  by  mapping  the 

intercepting  roots  in  an  observation  plane  (Rao  et  al.,  1993).  This  method 
requires  large  amount  of  soil  excavation  to  create  an  observation  plane. 
Therefore,  this  method  involves  an  enormous  amount  of  labor  and  time,  and  the 
loss  of  fine-roots  for  an  observation  is  very  high.  Moreover,  multiple 
samplings  are  not  possible. 

2)  Monolith  method-root  samples  are  collected  by  driving  a metal  block  of  desirable 

dimensions  into  the  soil  (Nelson  and  Altaians,  1969).  This  method  allows 
multiple  sampling.  Determination  of  root-length  density  through  the  monolith 
method,  although  the  variability  is  low,  is  very  expensive  and  time  consuming 
since  minor  excavations  are  needed  to  remove  the  metal  block  from  the  soil. 
This  method  needs  less  time  and  labor  compared  to  the  excavation  method. 

3)  Root  observation  through  minirhizotron— root  growth  and  death  can  be  visually 

observed  by  inserting  a glass  tube  into  the  soil  (Klepper  and  Kaspar,  1994). 


study  the  root  turnover.  However,  it  is  not  possible  to  quantify  the  root 

method  is  its  inability  for  statistical  randomization  after  installation  of  the  tubes. 

4)  Coring  method-root  samples  are  collected  by  inserting  a tube  of  desirable  diameter 
into  the  soil  (Van  Noordwijk,  1993).  In  contrast  to  the  above  methods,  root 
density  determination  through  coring,  is  relatively  inexpensive  and  can  be 
carried  out  in  shorter  time.  In  addition,  random  samples  can  be  taken  through 
coring  to  minimize  the  variability.  Through  coring,  it  is  possible  to  collect 
hundreds  of  samples,  provided  adequate  labor  is  available.  However,  as  with 
all  root  sampling  methods,  the  precision  of  the  coring  method  in  estimating  root 
biomass  production  and  root-length  density  has  not  been  clearly  understood. 
Given  the  need  of  multiple  and  inexpensive  sampling,  the  coring  method  was 
used  in  this  study. 


The  suggested  mechanisms  of  beneficial  interactions  resulting  from  the  inclusion 
of  a tree  component  in  annual  cropping  systems  are:  (1)  deeply  penetrating  tree  roots 
capture  the  soil  nutrients  from  deeper  layers  and  recycle  them  to  the  soil  surface  for  use 


crops  (Nair  et  al.,  1994);  (2)  incorporation  of  tree  prunings  into  soil  adds 


organic  mailer  and  nutrients  (Budelman  1988;  Jama,  1993);  (3)  leguminous  nitrogen- 
fixing  trees  add  atmospheric  nitrogen  into  the  system  through  biological  nitrogen 
fixation  (Brewbaker,  1987);  (4)  trees  romobilize  the  unavailable  nutrients,  particularly 
phosphorus,  into  available  forms  through  mycorrhizal  activity  (Nair  et  al„  1994);  and, 
(5)  addition  of  organic  matter  improves  soil  physical  properties  and  soil  water  status 
(Lai,  1989).  The  extent  of  realization  of  the  combined  benefits  of  these  factors 
manifested  as  soil  fertility  improvement  was  widely  tested  in  hedgerow  intercropping 
technology  in  the  humid  and  subhumid  tropics.  In  general,  soil  fertility  and  crop  yields 

cropping  of  annual  crops  in  base-rich  Alfisols,  some  Ultisols,  and  Endsols  under 
conditions  of  little  or  no  water  stress  (Kang  et  al.,  1990;  Yamoah  and  Burleigh,  1990, 
Rosecranceetal.,  1992). 

Following  these  positive  results  in  the  humid  and  subhumid  tropics,  the 
technology  was  tested  in  the  semiarid  tropics.  But  studies  have  given  mixed  results.  In 
the  semiarid  tropics,  annual  sole  crop  systems  utilize  only  a small  part  of  the  rainfall; 
much  of  the  water  is  left  either  deep  in  the  soil  or  is  lost  through  evaporation  (Rao  et 
al.,  1991;  ICRAF,  1993).  It  has  been  hypothesized  that  alleycropping  has  the  potential 
to  extend  the  cropping  period  under  such  conditions  through  water  conservation  (Singh 
et  al.,  1989).  For  example,  application  of  hedgerow  prunings  as  mulch  in  the  alleys 
may  improve  soil  water  retention  through  reduction  of  evaporation,  which  could  allow 
the  cultivation  of  a high-yielding  long-duration  crop  or  an  additional  short-duration 
crop  in  the  place  of  a low-yielding  short-duration  crop.  However,  the  pruned  materials 


i such  as  animal  fodder  (Cobbin 


are  often  removed  from  the  field  for  other  uses 
1989).  Even  if  they  are  not  removed,  the  quantities  of  mulch  produced  are  relatively 
low  and  the  competition  for  water  between  the  hedge  and  crop  could  be  so  high  that  the 
potential  advantages  of  mulching  are  seldom  realized  under  practical  situations.  As  the 
water  loss  continues  both  from  the  soil  and  foliage  of  hedge  and  alley  crop  species, 
competition  for  water  between  tree  and  crop  components  may  increase.  Under 
conditions  of  severe  competition,  the  hedge  species  could  out-competc  the  alley  crop 
and  seriously  affect  the  growth  and  productivity  of  the  latter. 

Although  the  presence  of  extensive  roots  of  woody  species  in  the  alleys  and/or 
below-ground  competition  for  water  uptake  have  been  demonstrated  (Singh  et  al., 

1989;  Ssekebembe  et  al.,  1994),  the  factors  that  lead  to  competition  have  not  been 
adequately  explained.  According  to  Singh  et  al.  (1989),  higher  maize  yield  was 
obtained  from  the  alley  when  there  was  a polyethylene  barrier  between  the  hedgerow 
and  the  first  crop  row  to  restrict  root  growth  of  hedge  species,  compared  to  the  yield  of 
alley  crop  grown  without  any  barrier.  Although  this  indicated  below-ground 
competition  in  alleycropping,  the  mechanisms  of  yield  reduction  of  alley  crop  have  not 
been  reported,  nor  the  relationship  between  yield  reduction  and  such  parameters  as 
root-length  density,  root  spread  and  structure,  and  soil  water  content  in  the  alley. 

Based  on  the  observations  of  severe  yield  reduction  of  maize  under  hedgerow 
intercropping  compared  to  sole  crop,  Ong  et  al.  (1991)  suggested  that  below-ground 

yield  reduction.  Above-ground  competition  can  be  controlled  to  some  extent  by  shoot 


alleycropping  in  the  seraiarid  tropics. 

Root  .Characteristics  of  Hedgerow  Species  in  Hedgerow  Intercropping 

1986)  and  they  exploit  large  soil  volume  for  water  and  nutrient  uptake.  Due  to  their 
perennial  nature,  trees  have  an  advantage  over  annual  crops  in  nutrient  and  water 
uptake.  This  results  in  competition  between  woody  species  and  annual  crops  for 
growth  resources  such  as  water  which  is  particularly  limiting  in  semiarid  tropics  (Rao 
et  a!.,  1991).  The  mechanism  of  below-ground  competition  vis-S-vis  root  dynamics  is 
explained  to  a limited  extent  in  a study  conducted  by  Jonsson  ct  al.  (1988),  in 
Tanzania,  in  which  vertical  distribution  of  fine-roots  of  five  species  was  observed.  The 
species  were  Senna  (Cassia)  siamea,  Eucalyptus  terelicomis,  E.  camaldulensis, 
Leucaena  leucoctphala,  and  Prosopis  chilensis.  Root  distribution  of  the  species  was 
observed  randomly  by  sampling  20  cores  and  calculating  fine-root  biomass.  This  type 
of  observation  was  also  made  by  Dhyani  et  al.  (1990)  under  humid  subtropical 
condition  in  northern  India.  But,  their  investigation  did  not  specify  the  sampling 
distance  from  the  hedgerow  and  details  of  shoot  pruning-essential  information  for 
explaining  the  root  distribution  of  the  hedgerow  and  the  alleycropped  species.  In 
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(1993)  observed  that  the  root  density  of  the  hedge  species  decreased  as  the  distance 
from  the  hedgerow  increased.  But,  these  results  were  not  conclusive  because  the  study 
was  confined  to  the  top  40  cm  of  soil;  the  number  of  samplings  was  limited;  and  there 
was  only  a single  set  of  observations.  Ruhigwa  et  al.  (1992)  studied  the  root 
distribution  of  Dactyladenia  (syn.  Acioa ) barteri,  Alchomia  cordifolia,  Senna  siamea, 
and  Gmelina  arborea  in  an  acid  ultisoi.  They  observed  (again,  a single  set  of 
observations)  root  distribution  up  to  120-cm  depth  and  200-cm  horizontal  distances 
from  the  hedgerow  at  40-cm  intervals.  Their  study  showed  a high  density  of  roots  in 
the  top  20  cm  of  soil.  But,  in  order  to  explain  the  degree  of  below-ground 
competition,  we  need  information  on  how  far  and  how  deep  the  roots  are  distributed  to 
help  determine  appropriate  spacing  between  hedgerows  in  alleycropping. 

One  way  of  reducing  below-ground  competition  could  be  to  space  the 
hedgerows  wide  apart.  For  example,  Rao  et  al.  (1990)  studied  the  amount  of  yield 
reduction  of  sorghum  under  different  spacings  of  leucaena  hedgerow  for  four  years  at  a 
semiarid  tropical  location  in  southern  India.  They  observed  higher  yield  reduction  in 
the  closest-spaced  hedgerows  (1.35  m)  than  in  the  widest-spaced  (4.95  m).  However, 
yield  of  sorghum  was  lower  even  in  the  widest-spaced  hedgerow  than  that  of  sole 
sorghum.  They  postulated  that  below-ground  competition  could  have  caused  the  yield 
reductions  in  the  alleys.  Although  they  observed  root  distribution  of  leucaena  in  the 

Thus,  as  summarized  by  Nair  et  al.  (1994),  it  is  clear  that  these  are  serious  gaps  in  our 


knowledge  on  the  relationship  between  root  characteristics  and  soil  water  at  various 
depths  and  distances  from  the  hedgerows  in  the  semiarid  tropics. 


Above-ground  pruning  (hereafter  referred  to  as  pruning)  is  a common 
management  practice  in  many  perennial  plantations.  The  term  is  widely  and  differently 
used:  in  forest  and  fruit  trees,  it  is  used  to  denote  removal  of  some  old  branches;  and, 
in  agroforestry,  it  involves  complete  removal  of  above-ground  vegetation  produced 
after  the  previous  pruning.  The  objective  of  pruning,  however,  is  the  same  in  both 
conditions:  to  maximize  the  growth  and  quality  of  the  economic  product  of  the  pruned 
tree.  In  horticultural  crops,  pruning  is  mainly  done  to  maximize  the  yield  and  improve 
the  quality  of  fruits.  In  some  crops  such  as  grapes  (Writ  miifera)  and  coffee  (Coffea 
arabica),  pruning  is  an  inevitable  management  practice  to  stimulate  flowering 
(Winkler,  1974).  In  forest  plantations,  however,  pruning  is  done  to  improve  the 
quality  of  the  timber  (Smith,  1986).  Several  studies  have  been  conducted  in  both 
horticultural  and  forest  trees  to  determine  appropriate  pruning  regimes.  Most  of  them 
focused  on  the  above-ground  growth  (i.e.,  number  and  length  of  shoots  produced  after 
pruning,  shoot  angle,  fruit  yield,  fruit  quality,  and  stem  diameter  increase)  (Mika, 

1986;  Thorp  and  Scdgley,  1993).  Pruning  of  woody  species  in  alleycropping  in  the 
tropics  mostly  involve  complete  removal  of  above-ground  growth  at  specified  heights, 
with  the  main  objective  of  increasing  light  interception  by  the  alley  crop.  Some  studies 
have  been  conducted  to  establish  the  optimum  pruning  schedule  of  the  hedges  (Duguma 
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etal.,  1988  and  1994).  Duguma  et  al.  (1988).  for  example,  monitored  biomass 

Cliricidia  sepium.  and  Sesbania  grandiflora  under  different  pruning  heights  and 
pruning  intervals  at  the  International  Institute  for  Tropical  Agriculture  (I1TA),  Ibadan. 
Nigeria,  and  recommended  an  optimum  pruning  regime  for  these  species.  Some 
studies  have  also  been  conducted  to  understand  influence  of  pruning  on  carbohydrate  or 
nutrient  partitioning  in  various  plant  parts  (Clair-Maczulajtys  et  al..  1994;  Tschaplinski 
and  Blake,  1995;  Haddad  et  al,  199S;  Erdmann  et  al.,  1993;  Sanginga  et  al.,  1994). 
Most  of  these  studies  have  demonstrated  the  carbohydrate  depiction  from  the  roots 
when  the  above-ground  parts  were  removed.  The  depleted  carbohydrate  from  roots 
was  used  to  produce  shoots  and  this  depletion  continued  until  the  newly  produced 
leaves  became  photosynthetically  active.  As  a result  of  excessive  carbohydrate 
depletion,  roots  may  die  because  of  lack  of  energy  source  to  support  their  growth  and 
development.  However,  the  effect  of  pruning  on  below-ground  characteristics, 
especially  of  changes  in  root  growth  of  woody  perennials  and  soil  water,  which  may 
have  a bearing  in  managing  the  below-ground  competition,  has  seldom  been 
experimented.  Preliminary  results  of  a study  of  this  nature  involving  five  multipurpose 
trees  in  the  humid  lowlands  of  North  Lampung,  Indonesia,  showed  that  a lower  height 

no  effect  on  shoottroot  ratios  or  the  relative  importance  of  the  structural  root  (Van 
Noordwijk  and  Pumomosidhi,  1995). 
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Under  low  soil  fertility  conditions  in  a temperate  climate,  Keyes  and  Grier 
(1981)  recorded  high  fine-root  activity  in  Douglas  fir  (Pseudotsuga  memiesi ) with  low 
above-ground  canopy;  these  fine-roots,  which  originated  and  confined  themselves  to 
near  the  base  of  the  tap  root  (i.e„  where  sugar  availability  is  high),  arc  responsible  for 
exploration  and  absorption  of  nutrients  and  water.  In  contrast,  in  the  subtropical  region 
of  Florida,  Eissenstat  and  Duncan  (1992)  observed  reduction  in  root  activity  in  citrus 
( Gtrus  sineruis)  when  branches  were  partially  removed;  but  these  results  may  not  be 
directly  applicable  to  the  tropics.  Although  Fownes  and  Anderson  (1991)  and  Nygrcn 
and  Campos  (1993)  observed  reduction  in  root  biomass  as  a result  of  pruning  in  the 
tropics,  these  studies  had  some  limitations  too.  For  example,  the  study  of  Fownes  and 

after  stem  pruning),  and  therefore  the  results  may  not  be  directly  applicable  to  field 
conditions.  The  results  from  the  study  of  Nygren  and  Campos  (1993)  were  confounded 
with  the  seasonal  failure  during  the  study  period.  Moreover,  in  both  these  studies  only 
the  root  biomass  changes  were  monitored  which  alone  are  inadequate  to  explain  the 
extent  of  competition;  root-length  density  or  root  surface  area  also  need  to  be  reported. 
In  summary,  the  present  state  of  knowledge  on  the  effect  of  above-ground  pruning  on 
root  dynamics  of  hedgerow  species  used  in  alleycropping  in  the  tropics  is  inconclusive. 

Spccigs.Comparison 

Root  system  of  a species  is  influenced  mainly  by  its  genetic  character;  in  other 
words,  no  two  species  have  similar  root  system  (Russell,  1977).  Therefore,  to  select 
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Maghcmbe  and  Prills  (1994)  compared  49  species  lo  screen  the  best  one  for  its  ability 
to  withstand  pruning  and  found  Calliandra  calotliyrsus  (calliandra)  as  the  most 
appropriate  species  for  the  semiarid  Makoka  region  in  Malawi.  Duguma  et  al.  (1994) 
also  screened  10  species  in  the  humid  region  of  Cameroon  for  their  ability  to  withstand 
frequent  pruning;  they  found  calliandra  to  be  the  best  in  that  respect  under  those 
conditions  as  well.  Most  alleycropping  studies  have  so  far  used  Leucaena  leucocepliala 
as  the  hedgerow  species  because  of  its  fast  growth  and  excellent  fodder  value 
(Atta-Krah,  1990;  Brewbakcr,  1987;  Kang  et  al.,  1990;  Singh  et  al.,  1989).  However, 

siamea  or  Gliricldia  sepium  because  of  its  deep  and  extensive  root  distribution  (Rao  et 
al.,  1993).  Calliandra,  which  has  some  of  the  qualities  of  leucaena  (Akyeampong  and 
Muzinga,  1994)  was  identified  as  an  alternative  species.  Although  Maghembe  and 
Pruts  (1994)  and  Duguma  et  al.  (1994)  identified  calliandra  as  the  best  species,  its 
competing  ability  with  crops  and  root  characteristics  when  grown  in  alleycropping  are 
not  known.  In  the  subhumid  lands  of  Togo,  calliandra  gave  mixed  responses  when  it 
was  compared  with  gliricidia  and  Senna  siamea  (Schroth  and  Lehmann,  1995).  Thus, 
our  knowledge  about  species  differences  is  also  rather  superficial  and  scanty. 


The  potential  of  hedgerow  intercropping  to  improve  crop  yields  depends  on  the 
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or  recycled  in  the  sysiem,  the  timely  transfer  of  nutrients  from  tree  biomass  to  crops, 
the  level  of  competition  between  trees  and  crops  for  growth  resources,  and  the  extent  of 
soil-nutrient  depiction.  Several  hedgerow  intercropping  studies  have  estimated  the 
nutrient  input  from  above-ground  biomass  (Kang  et  al.,  1981;  Budelman,  1988; 
Handayanto  et  al.,  1994).  Many  studies  have  also  quantified  the  decomposition  of  tree 
residues  (lama,  1993;  Mafongoya,  1995)  but  the  amounts  of  below-ground  biomass 
added  and  nutrients  recycled  through  root  turnover  in  hedgerow  intercropping  have  not 
been  reported.  Tree  roots  may  die  due  to  ageing  which  is  genetically  controlled, 
environmental  stress  such  as  drought,  and  management  such  as  shoot  pruning  (Vogt  et 
al.,  1992).  It  is  known  that  most  tree  species  are  known  to  undergo  these  seasonal 
changes  in  their  root  growth  in  temperate  regions  (Sanantonio  and  Herman,  1985); 
trees  in  hedgerow  intercropping  in  the  tropics  may  also  experience  similar  changes, 
probably  at  a greater  rate,  because  of  frequent  shoot  pruning  and  strong  wet  and  dry 
periods  in  the  tropics.  This  type  of  root  turnover  could  add  significant  amount  of 
nutrients  since  roots  do  not  translocate  their  nutrients  (Nambiar,  1987).  To  date  no 
attempt  has  been  made  to  quantify  the  amount  of  nutrients  added  through  root  turnover 
in  an  agroforestry  system  such  as  hedgerow  intercropping. 


at  emerge  from  the  foregoing  review  are: 

on  studies,  especially  those  dealing  with  below-ground 


1)  Component  inte 


interaction,  are  scanty;  therefore,  very  little  is  known  about  mechanisms 
involved  although  several  hypotheses  and  postulations  have  been  proposed  based 
on  experience  with  agronomic  intercropping. 

yields  of  biomass  or  some  (other)  economic  products;  but  these  are 
inappropriate  for  mechanistic  investigations. 

3)  The  most  obvious  form  of  below-ground  interaction  between  the  woody  and 

competition  for  water.  In  addition  to  study  the  nature  and  extent  of  this 

management  practices  such  as  foliage  pruning. 

4)  Root  dynamics  (of  fine-roots  i.e.,  <2  mm  in  diameter)  are  usually  expressed  as 
root  length  density  (length  of  roots  in  an  unit  volume  of  soil),  root  biomass  (dry 
weight  of  roots  in  an  unit  volume  of  soil),  root  spread  (horizontal  and  vertical 
distribution  of  roots,  expressed  as  root  number  in  an  unit  area),  root  surface 

and  angle  of  structural  roots  of  >2  mm  in  diameter). 

5)  The  most  widely  used  root  study  methods  are  trenching,  monolith, 
minirhizotron,  and  coring.  Each  has  its  own  advantages  and  limitations. 

6)  Periodic  pruning  (removal  of  selected  above-ground  parts)  is  a regular  practice 
in  the  management  of  a number  of  economic  crops.  But  the  effect  of  such 
pruning  on  the  root  dynamics  of  the  species  has  not  been  adequately 
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investigated.  Therefore,  the  present  state 
superficial  and  inconclusive.  Equally  unsatisfactory  is  the  situation  regarding 
differences  among  species  in  their  response  to  above-ground  pruning,  and  the 
knowledge  base  on  the  extent  of  root  biomass  production  and  nutrient  turnover 
in  agroforestry  (alleycropping)  systems  in  the  tropics.  The  issues  raised  in  the 


CHAPTER  3 

SOIL  WATER,  ROOT  DYNAMICS,  AND  CROP 
YIELDS  IN  A HEDGEROW  INTERCROPPING  SYSTEM  IN 
THE  SEMIARID  HIGHLANDS  OF  KENYA 


Introduction 

Hedgerow  intercropping  was  developed  as  an  alternative  to  the  traditional 
bush-lallow  rotational  system  of  the  tropics.  The  system  involves  growing  of  food 
crops  in  the  alleys  between  frequently  shoot-pruned  (hereafter  referred  to  as  pruning) 
tree  hedgerows;  the  hedgerow  prunings  are  incorporated  in  the  soil  either  as  green 
manure  or  spread  on  the  surface  for  soil  fertility  improvement  and/or  soil  conservation 
(Young,  1989;  Kang  Mil.,  1990;  Nairetal.,  1995).  The  system,  originally  developed 
for  humid  and  subhumid  tropics,  has  also  been  tried  in  semiarid  tropics,  but  with  little 
success  (Singh  et  al. , 1989;  Rao  et  al. , 1991).  Although  most  of  the  reported  failures 
in  the  semiarid  tropics  were  attributed  to  the  below-ground  competition  for  water 
between  the  hedgerow  and  crop  species,  to  date  no  attempt  has  been  made  to 
understand  the  mechanisms  of  competition  and  the  extent  of  their  influence  on  the 
potential  of  the  system.  It  is  therefore  important  to  understand  the  water  utilization 
pattern  in  the  hedgerow  intercropping  system  in  relation  to  the  root  activities  of  the 
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The  potential  of  hedgerow  intercropping  to  improve  crop  yields  depends  on  the 
amount  of  above-  and  below-ground  biomass  produced,  the  quantities  of  nutrients 
added  or  recycled  in  the  system  via  the  biomass,  and  the  extent  of  competition  for 
growth  resources  between  hedgerows  and  crops.  Some  studies  have  quantified  the 
nutrient  input  from  above-ground  biomass  (Duguma  et  al.,  1988),  and  to  some  extent, 
the  nutrients  added  through  decomposition  of  tree  residues  (Budelman,  1989);  but,  not 
the  amounts  of  below-ground  biomass  and  nutrients  recycled  through  root  turnover. 
Study  of  root  dynamics  is  critical  to  the  understanding  of  such  biomass/nutrient 
relations  as  well  as  the  extent  of  below-ground  competition  for  growth  resources.  Tree 
roots  may  die  due  to  ageing,  which  is  a genetically  controlled  process,  and  due  to 
environmental  stress  (such  as  water  deficit  caused  by  drought)  and/or  management 
(snch  as  shoot  pruning)  (Vogt  and  Bloomfield,  1991).  While  most  tree  species  are 
known  to  undergo  these  seasonal  changes  in  their  root  growth  in  the  temperate  zone 
(Sanantonio  and  Herman,  1985),  trees  in  hedgerow  intercropping  in  the  tropics  might 

pruning  and  strong  wet  and  dry  periods.  The  present  study  was  conducted  with  this 
background  to  evaluate  the  potential  of  hedgerow  intercropping,  and  the  pattern  of  root 
dynamics  under  semiarid  conditions.  The  specific  objectives  were  to:  (1)  monitor  soil 
water  changes  and  quantify  root  growth  under  hedgerow  intercropping  in  comparison 
with  sole  maize,  (2)  evaluate  the  effect  of  pruning  the  hedgerows  on  the  growth  and 
turnover  of  their  roots,  and  (3)  compare  crop  performance  in  sole  and  hedgerow 
intercropping  systems. 


Materials  and  Methods 


Center  for  Research  in  Agroforestry  (ICRAF)  in  Kenya  (1*  33'S  and  37"  14'E;  1596  in 
above  msl;  mean  annual  temperature  is  19"  Q.  The  station  receives  a mean  annual 
rainfall  of  740  mm  in  two  distinct  rainy  seasons,  the  so-called  ' long  rains'  from  March 
to  June  (av:  345  mm)  and  the  'short  rains'  from  October  to  January  (av:  3 IS  mm). 

The  prefixes  "long”  and  "short"  in  the  seasons  refer  to  the  length  of  the  dry  period  that 
follows  the  season.  The  site  has  a 6 to  8%  slope  from  north  to  south  and  3 to  5 % from 

with  Kaolinite  as  the  dominant  clay  mineral  and  good  physical  conditions  (Kibe  et  al., 
1981).  The  soil  depth  varied  from  0.7  to  1.5  m.  Hard  murrum  layers  or  rocks  were 
noted  at  varying  depths  below  0.7  m.  The  soil  had  close  to  1 % organic  carbon  and 
moderate  levels  of  phosphorus  and  potassium  at  the  beginning  of  the  study  (Table  3. 1). 


A hedgerow  intercropping  experiment  was  started  in  November  1989  with 
ieucaena  ( Leucaena  leucocephala  Lam  de  Wit.)  as  the  hedgerow  species  and  maize 
[Zea  mays  L.  (cv.  Katumani  Composite)]  as  the  food  crop  components.  Every  year 
two  crops  were  grown,  one  each  during  the  long-  and  short-rainy  seasons.  The  first 
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Table  3.1.  Soil  characteristics  of  the  experimental  site 


Characters 

Depth  (cm) 

0-15  15-30 

Mechanical  analysis  (St) 
Sand 
SUt 
Clay 

Bulk  density  (Mg  m*3) 

PH 

Organic  carbon  (%) 
Extractable  P (mg  P kg*1) 
Exch.  cations  (cmol  kg  ') 
Ca 
Mg 
K 

9 11 

63  58 

28  31 

1.56  1.47 

6.1  6.0 

0.86  0.78 

6.6  4.4 

3.3  3.3 

1.3  1.4 

0.6  0.5 

die  long  rains  of  1993  had  failed  because  of  very  low  rainfall.  The  study  reported  here 
was  undertaken  during  October  1993  to  July  1994.  The  experiment  had  three 
treatments,  replicated  thrice  in  a randomized  complete  block  design.  The  treatments 
considered  for  this  study  were:  (1)  sole  maize  (maize  only)  grown  without  any  fertilizer 
input  (SC-F),  (2)  hedgerow  intercropping  where  the  pruned  materials  of  hedgerows 
were  put  back  to  the  soil  as  green  manure  or  mulch  (Hl-f  GM),  and  (3)  sole  maize 
(maize  only)  grown  with  the  recommended  rate  of  fertilizer  at  40  kg  N and  18  kg  P ha'* 
(SC+F).  The  intercropping  plots  were  16.2  m wide  and  30  m long  with  three 
hedgerows  of  leucaena  planted  along  the  contour  at  5.4  m between  rows  and  0.4  m 
within  rows.  The  sole  maize  plots  varied  from  300  to  500  m1.  Trenches,  0.5  m wide 
and  1 m deep,  were  dug  at  the  beginning  of  each  season  2.7  m away  from  border 
hedgerows  of  the  intercrop  plots  to  sever  leucaena  roots  and  eliminate  the  possible 
interference  of  tree  roots  with  the  adjacent  sole  maize  plots. 

The  hedgerows  were  pruned  twice  in  each  rainy  season,  once  at  the  beginning 
of  the  rains  and  the  next  during  the  middle  of  the  cropping  season.  The  firs!  pruned 
material  in  HI+GM  was  incorporated  in  the  soil  by  plowing  during  land  preparation 

pruned  materials  were  taken  for  nutrient  analysis.  The  rainfall  during  the  study  period 
m within  the  rows.  This  meant  that  leucaena  hedgerows  in  intercropping  were  at  the 
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one  per  hill  al  first  weeding  two  weeks  after  sowing.  Dipterex  granules  were  applied 
@ 3 kg  ha"'  in  whorls  at  three-week  stage  to  prevent  the  attack  of  maize  stalk  borer. 
The  leucaena  psyllid  ( Heieropsylla  cubana ) that  appeared  in  epidemic  proportion  for 
the  first  time  in  Machakos  Research  Station  in  January  1993,  caused  severe  damage 
resulting  in  virtually  no  leucaena  leaf  production  during  the  "long  rains'  of  1993.  Since 
August  1993  the  psyllid  was  controlled  by  dimethoate  sprays,  @1.2  mL  L'1  water,  at 
about  three-week  interval.  Land  preparation  and  interculturing  twice  were  done  by 
oxen,  and  within-row  weeds  were  removed  by  hand. 

Maize  yield  in  each  plot  was  estimated  by  harvesting  four  quadrats  of  5.4  m x 6 
m at  random  in  the  plots.  In  HI+ GM,  maize  was  harvested  row-by-row  to  assess  the 
extent  of  hedgerow  competition.  Grain  yield  was  adjusted  to  14%  water  and  stover 
yields  expressed  as  constant  dry  weight.  Leucaena  biomass  was  determined  by 
harvesting  and  weighing  all  the  three  hedgerows  separately.  Sub-samples  were  taken 
for  dry  matter  estimation  which  were  oven  dried  at  80"C  until  the  samples  reached  a 
constant  weight. 


Soil.Waler  and  Bant  Studies 

Soil  water  changes  in  the  unfertilized  sole  maize  (SC-F)  and  hedgerow 
intercropped  (HI+GM)  treatments  were  monitored  using  a neutron  probe  during  1993 
‘short-rains'.  Six  aluminum  access  tubes  were  installed  in  one  alley  of  the  HI+GM 
plots  on  a transect  across  the  alley  with  the  first  tube  positioned  at  0.225  m away  from 
the  hedgerow,  between  the  leucaena  (row  of  the  plot)  and  the'  first  maize  row,  and  the 
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remaining  five  between  the  subsequent  maize  rows.  In  the  sole  maize  plots,  three  tubes 
were  installed  between  rows  distributed  randomly.  Neutron  probe  counts  were 
recorded  weekly  at  15  cm  depth  intervals  in  the  30  to  120  cm  zone.  The  water  content 
in  the  top  30  cm  was  determined  gravimetrically  at  15  cm  depth  intervals. 

Root  observations  were  recorded  during  the  1993  'short  tains’  in  both  SC-F  and 
HI+GM  plots.  The  hedges  were  pruned  twice  in  this  season.  In  the  first  pruning 
cycle,  root  samples  were  taken  once  (one  week)  before  pruning  and  three  times,  at 
2-week  intervals,  after  pruning.  In  the  second  pruning  cycle,  the  first  sampling  was 
done  one  week  prior  to  pruning,  and  three  samples  were  taken  at  1,2,  and  4 weeks 
after  pruning.  On  each  occasion,  the  samples  in  HI+GM  were  taken  at  two  spots,  0.9 
m and  2.7  m from  the  hedgerow,  on  a transect  across  the  alley;  18  transects  were 
sampled  over  three  replications  at  each  observation.  Initial  observations  taken  at  much 
shorter  distances  did  not  reveal  large  differences  in  roots  along  the  transect,  hence 
subsequent  samplings  were  restricted  to  two  spots.  Coinciding  with  35  and  56  DAS 
(days  after  sowing),  root  samples  were  taken  from  three  randomly  chosen  spots 
between  rows  in  SC-F. 

Root  samples  were  collected  using  the  coring  method  (Van  Noordwijk,  1993) 
which  allowed  non-destructive,  multiple  root  sampling.  We  used  a 10  cm  diameter 
pipe,  from  six  depths:  0 to  12.5,  12.5  to  25, 25  to  50, 50  to  75, 75  to  100,  and  100  to 
125  cm.  The  pipe  was  driven  to  each  specific  depth  using  a hammer  and  then  it  was 
taken  out  of  the  ground  to  extract  the  soil  sample  with  roots.  The  collected  soil 
samples  were  soaked  overnight  in  water,  and  wet-sieved  the  following  day  using  a 500 
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(i  sieve  to  separate  roots  from  the  soil.  The  root  mass  together  with  organic  debris 
retained  on  the  sieve  was  transferred  to  a polyethylene  bag  and  stored  in  a refrigerator 
in  commercial  vinegar  solution;  within  24  to  36  hours,  the  tree  and  crop  roots  were 
sorted  out  manually  from  other  organic  debris,  and  the  root  lengths  were  measured. 

scanner  to  determine  root  length  density.  Each  sample  required  1 to  2 person  days  to 
separate  the  tree  and  crop  roots  from  the  debris.  The  workers  employed  for  the 
purpose  were  trained  to  distinguish  the  leucaena  and  maize  roots  from  other  organic 
materials.  The  precision  of  root  sorting  by  the  large  number  of  workers  employed  was 
checked  without  their  knowledge  by  a common  sample  containing  known  length  of  tree 
and  crop  roots.  After  sufficient  training  and  practice,  the  root  length  measured  varied 
within  ±3%  of  the  sample  mean  among  the  workers. 

The  root  data  were  not  normally  distributed,  so  they  were  log-transformed  (log 
x)  before  subjecting  to  analyses  of  variance.  The  period  of  sampling,  location  of 
sampling  site,  and  depth  were  treated  as  factors  at  different  levels.  The  statistical 
significance  of  treatment  means  was  judged  based  on  significant  differences  among 


transformed  values. 


.Water  Content 


In  1993  'short  rains,'  the  profiles  of  both  sole  and  intercrop  systems  showed 
similar  soil  water  content  only  in  the  top  30  to  45  cm  depth  during  rain  storms  and 
approximately  for  a week  after  the  hedges  were  pruned  in  mid-December  (Fig  3.1).  At 
lower  depths  the  intercropped  plots  had  less  water  than  the  sole  system  at  all  critical 
stages  of  maize  growth.  The  total  water  stored  in  the  1.2  m soil  profile  was  less  in 
HI+GM  than  in  SC-F  throughout  the  season  (Fig  3.2).  The  soil  under  intercrop 

difference  between  the  two  systems  narrowed  at  approximately  27  DAS,  but  soil  water 
in  the  intercropped  plot  was  depleted  faster  than  in  the  sole  crop  thereafter;  by  the  end 
of  the  rainy  season,  water  content  in  the  former  was  35  mm  less  than  in  the  sole  crop. 

inadequate;  consequently,  the  soil  appeared  extremely  dry  by  the  end  of  the  cropping 
season  and  the  water  contents  in  both  cropping  systems  at  the  end  of  the  season  were 
even  lower  than  those  at  the  beginning  of  the  season. 

Within  the  intercrop,  soil  water  content  was  generally  higher  close  to  hedgerow 
in  the  lower  part  of  the  alley  (i.e.,  upslope  of  hedgerow)  than  away  from  hedgerow  on 
the  upper  part  of  the  alley  [i.e. , downslope  of  hedgerows  (Fig  3.3)].  This  difference  in 


DAYS  AFTER  SOWING 

Fig  3.2.  Soil  water  changes  in  the  0 to  1 .2  m profile  in  sole  maize 

(SC-F)  and  hedgerow  intercropping  (HI+GM)  systems,  and  weekly 
cumulative  rainfall  during  the  1993  short  rains  (numbers  in  parentheses 
are  total  rainy  days). 
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Fig  3.3.  Soil  water  status  in  the  alley  at  different  distances  from  the 
hedgerow  at  four  stages  of  maize  growth  during  the  1 993  short  rains. 
Bars  indicate  LSD  at  5%.  Arrow  shows  the  slope  direction. 


35 

Maize-RpoLQrcwlIi 

Maize  roots  grew  to  1.25  m depth  by  35  DAS  in  both  sole-  and  intercropping 
plots  (Table  3.2).  However,  al  that  stage,  the  roots  were  concentrated  in  the  top  25  cm. 
The  two  cropping  systems  showed  similar  root  densities  below  25  cm  depth.  While  the 
intercropped  maize  showed  greater  root  density  than  sole  cropped  maize  in  the  top  12.5 
cm  soil  layer,  the  reverse  was  true  in  the  subsequent  12.5  cm  layer  (Table  3.2).  Maize 
roots  increased  by  2-  to  3-fold  from  35  to  56  DAS  at  all  depths,  except  in  the  12.5  to 
25  cm  depth.  At  tassclling  (56  DAS),  the  intercropped  maize  had  higher  root  length 
per  unit  soil  volume  in  the  75  cm  profile  than  the  corresponding  value  for  sole  maize. 
The  observation  at  70  DAS  in  Hl+GM  showed  that  maize  roots  continued  to  grow  well 
beyond  tassclling.  The  depth-wise  distribution  of  maize  tools  between  rows  close  to 
hedge  and  at  the  middle  of  the  alley  was  similar.  The  additional  root  growth  had 
occurred  below  25  cm  in  the  maize  close  to  hedgerows  and  below  50  cm  in  the  maize 
farther  away  from  hedgerows.  The  combined  root  density  of  maize  and  leucaena  in 
intercropping  was  four  to  five  times  higher  than  the  root  density  in  sole  maize 
throughout  the  profile  (Table  3.2). 


Although  sampling  was  restricted  to  1.25  m because  of  the  difficulty  in  extracting 
the  soil  cores  in  the  site,  we  observed  that  leucaena  roots,  unlike  those  of  maize,  had 
penetrated  beyond  the  soft  rock  or  'murrum'  layers  at  1.7  m depth.  Roots  of  each 
hedgerow  spread  laterally  beyond  half  the  alley  and  covered  the  5.4  m alley  uniformly 


(Fig  3.4).  Maize  i 
bolh  species  showe 


sity  in  12.5  I 


’ the  surface  (0  to  12.5), 


increased  over  ihose  of  maize  with  depth  below  75  cm  (Table  3.2,  Fig  3.4). 

Differences  in  leucaena  roots  were  observed  only  in  respect  to  sampling  time, 

the  first  pruning,  leucaena  seemed  to  have  produced  a new  flush  of  fine-roots  which 
were  concentrated  more  in  the  middle  of  the  alley  than  near  the  hedgerows  (Fig  3.4). 
Following  the  second  pruning,  9-weeks  after  the  first  pruning,  no  additional  root 
growth  was  noted  and  whatever  changes  observed  in  leucaena  root  density  were  similar 
across  the  alley. 

Leucaena  root  density  was  highest  in  the  12.5  to  25  cm  soil  depth  where  it  also  had 
maximum  changes  from  0.12  to  0.38  cm  cm'1  during  the  season  compared  with  the 
changes  from  0.05  to  0.12  cm  cm'3  in  other  depths  (Fig  3.4).  The  first  sampling  taken 
after  first  pruning  close  to  hedges  indicated  decreased  root  density  in  12.5  to  25  cm 
depth,  but  increased  root  density  below  50  cm.  The  next  sampling  done  about  four 
weeks  after  pruning  indicated  increased  root  density  in  the  12.5  to  25  cm  depth  to  the 
same  level  as  at  the  previous  sampling.  However,  the  subsequent  sampling  done  42 
days  after  pruning,  showed  increased  root  density  throughout  the  1.25  m profile. 
Samples  taken  in  the  middle  of  the  alley  showed  moderate  increases  in  root  density 
below  12.5  cm  in  the  first  two  samplings  after  pruning.  At  40  days  after  pruning,  the 
root  density  was  markedly  higher  than  that  observed  before  pruning  throughout  the  soil 


2 


It 


1 = 
o S' 

a! 

li 


m 

1 3 S 
Sis 
srjfi 

III 


||||gss|ss 

iisssal!ai§ 


isai|lisS|| 


! 1 1 ! I f 1 1 ! I 


I pruning  decreased  markedly  in 


39 

Leucaena  root  density  in  the  first  week  after  second 
12.5  to  25  cm  depth  at  both  locations  of  the  alley.  The  second  fortnight  after  pruning 
recorded  a significant  reduction  in  root  density  in  the  top  25  cm  and  slight 
reductionbelow  25  cm  soil  depth.  Averaged  over  two  locations  in  the  alley  and  six  soil 
depths  up  to  1.25  m,  the  root  density  increased  by  2056  two  weeks  after  first  pruning; 
it  did  not  show  much  change  during  the  next  two  weeks,  but  showed  100%  increase 

increase  in  seasonal  rainfall  and  attained  a peak  value  of  0.065  cm  cm*1  around  42  days 
after  pruning.  Although  rainfall  continued  beyond  that  date,  root  density  decreased  to 
0.045  cm  cm'1  within  two  weeks.  The  first  sample  taken  one  week  after  second 

The  sample  taken  two  weeks  later  showed  a small  increase;  however,  the  last  sample 
taken  four  weeks  after  pruning  again  recorded  33%  reduced  root  density  compared  to 
that  before  pruning.  The  root  surface  area  followed  almost  the  same  pattern  as  that  of 
root  density.  Both  root  density  and  root  surface  area  values  at  the  end  of  the  season 
were  similar  to  those  at  the  beginning  of  the  season. 

Immediately  after  shoot  pruning,  root  weight  decreased  inspite  of  increase  in  root 

6-weeks  after  pruning  coinciding  with  the  highest  root  density.  The  root  weight 
decreased  6-wecks  after  first  shoot  pruning  second  shoot  pruning  and  this  continued 
until  2-weeks  after  the  second  pruning  when  the  lowest  weight  was  recorded.  Based 
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on  root  weigh!  changes  over  the  growing  period,  the  total  root  biomass  added  to  the 
soil  was  512  kg  ha-'  which  contained  7 kg  N and  0.2  kg  P ha'1  (Table  3.4). 

Yields 

The  unfertilized  sole  maize  yielded  2.48  Mg  ha'1  during  1993  'short  rains’  and  2.01 
Mg  ha-1  during  1994  'long  rains’  (Table  3.5).  There  was  no  response  to  fertilizer  in 
either  season;  between  the  two  sole  maize  systems,  the  yields  were  not  different.  On 
average,  the  intercropped  maize  yields  were  lower  than  the  unfertilized  sole  maize  by 
49%  and  39%  in  1993  'short  rains'  and  1994  'long  rains,’  respectively.  Similarly,  the 
stover  yields  of  intercropped  maize  were  26  to  42%  lower  than  those  of  sole-cropped 
maize.  The  row-by-row  grain  yields  clearly  reflected  the  treatment  effects  on  per  ha 
yields  (Fig  3.6).  The  first  three  rows  on  the  lower  part  of  the  alley  (i.e.,  close  to 
hedgerows  on  the  upslope)  produced  higher  yields  than  the  three  rows  on  the  upper  part 
of  the  alley.  Among  the  three  rows  of  lower  alley,  the  middle  row  yielded  more  than 
the  other  two  rows.  However,  there  was  no  clear  trend  in  the  stover  yields  across  the 
alley  in  intercropping. 


the  current  season  rainfall  and  the  extent  of  water  depletion  by  hedgerows  in  the 
previous  season.  The  hedgerows,  which  are  perennial,  extract  the  residual  water  in  the 
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DAYS  AFTER  SOWING 

Fig  3,5.  Changes  in  weight,  surface  area,  and  density  of  leucaena  roots  during 
the  1993  short  rains.  Arrowheads  indicate  the  pruning  events. 
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: hedgerow  intercropping  (HI+GM)  and  solecropping  (SC-F) 
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post-rainy  periods  after  maize  is  harvested.  Con 
hedgerow  intercropping  was  lower  than  that  under  sole  maize  at  the  beginning  of  1993 
'short  rains'  (Fig  3.2).  Moreover,  maize  in  1993  'long  rains'  had  failed  due  to  poor 
rains,  but  the  hedgerows  survived  that  entire  season  on  the  residual  water  (from  1992 
'short  rains'),  depleting  the  soil  water  in  intercropping  to  a very  low  level  by  the 
beginning  of  1993  ‘short  rains'.  The  'short  rains'  were  not  adequate  to  recharge  the 
profile  (Fig  3.2).  Soil  water  in  intercropping  reached  the  same  level  as  in  sole  maize 
only  in  the  top  45  cm  for  short  periods  following  continuous  showers  and  when  the 
hedgerows  did  not  transpire  much  for  some  time  after  they  were  pruned  (Fig  3.1  and 
3.2).  In  addition  to  the  low  amount  of  available  water  under  intercropping,  continuous 
utilization  of  water  by  the  hedgerows  resulted  in  competition  for  water  between  the 
hedge  and  crop  species.  As  a result  of  low  water  availability,  the  maize  root  density 
per  unit  of  above  ground  maize  dry  matter  was  more  in  intercropping  than  in  sole 
cropping  (Table  3.2).  The  total  root  density  of  maize  and  leucaena  in  the  intercropping 
system  was  3-  to  6-fold  higher  than  that  of  sole  maize  at  different  soil  depths.  Such  a 
heavy  root  density  in  intercropping  is  expected  to  increase  demand  for  water  throughout 
the  growing  period.  Therefore,  it  seems  that  while  low  soil  water  availability  forced 
the  plants  to  produce  more  roots  on  the  one  hand,  the  higher  root  density  caused  more 
demand  for  water  on  the  other. 

There  was  no  runoff  at  any  stage  in  either  season,  so  all  the  seasonal  rainfall  was 
assumed  to  be  available  for  crop  and  tree  growth.  The  amount  of  rainfall  used  by  the 
sole  and  intercrop  during  the  crop  growing  period  was  probably  similar  as  indicated  by 
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similar  water  status  at  the  time  of  crop  harvest  under  both  systems.  However,  the  total 
water  used  by  the  intercrop  system  on  an  annual  basis  was  more  than  that  used  by  the 
sole  crop  because  the  hedgerows  used  water  during  the  non-cropping  periods  as  well. 
In  spite  of  that,  the  total  biomass  produced  by  the  hedgerow  intercropping  system  was 
not  different  from  that  of  sole  maize,  which  suggests  that  water  use  efficiency  of 
leucaena  was  lower  than  that  of  maize  (Table  3.5).  In  spite  of  2555  less  rainfall,  maize 

period  was  longer  by  four  weeks.  The  lower  evaporative  demand  during  'long  rains' 
('long  rains'  mean  pan  evaporation  of  5.0  mm  day'1  compared  with  'short  rains'  mean 
of  6.7  mm  day'1 ) extended  the  cropping  period  as  well  as  improved  the  harvest  index 
of  'long  tains'  maize  (5856  compared  with  50%  in  the  'short  rains').  Moreover,  the 
rainfall  was  more  effectively  utilized  in  ' long  rains'  as  storms  were  evenly  spread  over 
a longer  period  than  in  the  'short  rains'.  The  lack  of  sole  maize  response  to  fertilizer 


The  significant  maize  yield  reduction  observed  in  intercropping  in  this  trial  is  in 
agreement  with  many  other  studies  in  the  semiarid  tropics  (Danso  and  Morgan,  1993; 
Rao  et  al.,  1991;  Singh  et  al.,  1989).  The  yield  loss  could  be  due  to  competition 
between  tree  and  crop  for  various  growth  resources  such  as  light,  water,  and  nutrients. 
As  hedges  were  pruned  just  before,  and  six  weeks  after,  maize  sowing,  there  was  little, 
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if  any,  shading  of  crops  by  the  hedges  in  the  aileycropping  system.  Moreover,  as 
maize  rows  close  to  hedgerows  yielded  almost  the  same  as  or  even  better  than  the  other 

this  study.  The  lack  of  crop  (sole  maize)  response  to  fertilizer  further  points  out  that 
nutrients  too  were  not  a limiting  factor  in  hedgerow  intercropping  (Table  3.5).  This 
leads  to  the  conclusion  that  competition  for  water  between  leucaena  and  maize  was  the 
major  cause  for  reduced  maize  yields  in  hedgerow  intercropping.  On  the  other  hand, 
the  water  status  in  intercropping  was  lower  than  in  sole  maize  throughout  the  season 
(Hg3.2). 


Influence  of  Pruning  on  Leucaena  Root  Growth 
The  effect  of  pruning  on  root  growth  was  not  consistent  in  the  two  pruning  cycles. 
While  root  growth  increased  after  first  pruning  done  before  the  onset  of  rains,  the  roots 
decreased  after  second  pruning  done  towards  the  end  of  rains.  Above-ground  pruning 
is  known  to  cause  death  of  fine  roots  because  of  inadequate  carbohydrate  supply 
(Fownes  and  Anderson,  1991;  Erdmann  et  al.,  1993;  Nygren  and  Campos,  1993;  Vogt 
and  Bloomfield,  1991).  Root  death  is  also  caused  by  natural  senescence  and 
environmental  stress  such  as  drought,  and  the  magnitude  of  root  death  caused  by 
drought  seems  to  be  much  higher  than  due  to  other  factors.  Stress-induced  root 
occur  mostly  in  the  dry  season.  The  first  pruning  did  not  induce  root  death  beca 
root  system  was  least  active  towards  the  end  of  dry  season.  Root  growth  started 
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However,  as  the  rainfall  declined  and  water  stress  set  in,  the  process  of  root  death  had 
already  started.  Consequently,  there  was  considerable  death  of  roots  following  the 
second  pruning  which  was  exacerbated  by  the  rapidly  depleting  soil  water.  It  was  not 
possible  in  this  study  to  separate  the  effect  of  pruning  on  root  growth  from  the 
influence  of  increased  water  availability  after  a prolonged  drought  at  the  beginning  of 
rainy  season  and  water  deficiency  at  the  end  of  the  season.  The  root  turnover 
calculated  from  root  weight  changes  over  the  season  (O.S  Mg  ha'1),  could  be  an 

older  roots  might  be  occurring  simultaneously  during  the  plant's  growth  (Fogel,  1983). 

Two  conclusions  emerge  from  this  study:  1)  in  semiarid  tropics  where  water  is  often 
lirfiiting,  alleycropping  is  counter-productive  because  of  the  competition  of  hedgerows 
with  crops  for  water  and  2)  nutrient  contribution  through  fine  root  turnover  of 
hedgerows  for  crop  growth  is  small,  particularly  in  relation  to  that  of  aboveground 


CHAPTER  4 

ABOVE-  AND  BELOW-GROUND  COMPETITION 
AT  THE  TREE/CROP  INTERFACE  AS  INFLUENCED  BY 
TREE  PRUNING 


Periodical  pruning  of  the  hedge  species  is  one  of  the  important  plant-management 
operations.  Apart  from  providing  nutrient-rich  biomass  that  can  be  used  as  a nutrient 
source  for  the  inlerplantcd  food  crop  (Kang  et  al.,  1981;  Jama.  1993),  pruning  also 
eliminates  the  above-ground  competition  for  light  between  the  tree  and  food  crop 
species.  Pruning,  however,  may  not  eliminate  the  below-ground  competition  for 
nutrients  and  water  between  the  species.  Among  the  below-ground  growth  resources, 
soil  water  may  be  a more  critical  factor  than  nutrients  in  the  semiarid  tropics.  As  most 
of  the  semiarid  regions  receive  rainfall  during  a short  period  and  at  relatively  high 
intensity,  most  of  the  rain  water  is  lost  before  the  annual  crop  can  utilize  it;  and,  the 
tain  that  falls  after  the  cropping  season  is,  naturally,  not  utilized  by  the  crop.  Inclusion 
of  a woody  perennial  in  the  annual  cropping  system  may  result  in  more  efficient 
utilization  of  rainfall  throughout  the  year  by  the  perennial  species.  Moreover,  the  deep 
and  wide-spread  root  system  of  the  perennial  species  may  tap  the  soil  water  from  the 
deeper  layers  that  are  inaccessible  by  annual  crop  roots.  However,  under  such 
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of  the  woody  component  for  the  benefit  of  crop  production;  and  in  any  case,  in  most 
parts  of  semiarid  tropics,  the  total  annual  rainfall  is  barely  adequate  for  one  crop  (Singh 
et  al„  1989;  Rao  et  ai„  1991;  Danso  and  Morgan,  1993). 

The  below-ground  competition  for  water  between  the  tree  and  the  crop,  and  the 

and  below-ground  pans  (Loescher  et  al. , 1990).  This  may  result  in  increased  root 
production  as  a response  to  stress  and  ultimately  lead  to  poor  above-ground  growth  and 
low  yield  (Kolb  and  Steiner,  1990).  Studies  of  this  nature,  however,  have  not  been 
undertaken  in  allcycropping  in  the  semiarid  tropics. 

Theoretically,  it  is  likely  that  the  extent  of  below-ground  competition  may  be 
reduced  through  foliage  pruning  because  of  root  system  modification  (Eissenstat  and 
Duncan,  1992).  Since  periodical  pruning  stops  the  photosynthctic  activity  of  the 
woody  species  for  some  period,  there  might  be  decreased  root  growth  soon  after  above- 
ground pruning,  due  to  lack  of  energy  source  (Fownes  and  Anderson,  1991;  Erdmann 
et  al.,  1993).  This  relatively  low  root-activity  of  the  pruned  tree  compared  to  an 
unpruned  one  may  reduce  the  magnitude  of  below-ground  tree-crop  competition;  the 
influence  of  pruning  on  root  activity  of  the  woody  species  is,  however,  not  clearly 
understood.  With  this  background,  the  present  investigation  was  conducted  with  the 
objectives  to:  (1)  study  the  pattern  of  soil  water  change  in  leucaena-based  tree/crop 
interface  plots  compared  to  the  sole  maize  plots,  (2)  assess  the  changes  in  maize  root 
growth  as  influenced  by  soil  water  status  and  tree  root  density,  (3)  evaluate  the  impact 


ampetition  on  crop  yield. 
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ned  trees,  (4)  investigate  the  changes  in 
ig,  and  (5)  evaluate  the  relative  influenc 


Materials  and  Methods 

The  study  was  conducted  at  the  same  experimental  station  mentioned  in  Chapter  3. 
The  seasonal  and  soil  characteristics  of  this  study  site  were  similar  to  the  site  described 
in  Chapter  3.  The  study  was  conducted  from  October  1992  to  February  1993;  this 
period  covered  three  cropping  seasons:  "short  rains"  of  1992,  "long  rains"  of  1993, 
and  "short  rains"  of  1993.  The  rainfall  received  during  the  short  rains  of  1992  was 
above  the  average  (760  mm),  but  it  was  below  average  (286  mm)  during  the  short  rains 
of  1993;  the  long  rains  of  1993  failed,  with  only  a few  rainy  events  at  the  beginning  of 


The  experiment  had  been  started  in  1989  with  leucaena  ( Leucaena  leucocephala 
Lam.)  and  maize  fZea  mays  L.)  as  the  woody  and  food  crop  components.  There  were 
four  treatments,  in  a randomized  complete  block  design  with  three  replications.  The 
treatments  were:  (1)  unpruned  leucaena  grown  with  maize,  (2)  pruned  leucaena  hedges 
grown  with  maize,  (3)  pruned  leucaena  hedges  grown  without  maize,  and  (4)  maize 
only  (sole  maize).  The  plot  size  was  15  m x 10  m;  leucaena  plants  were  in  a row  in  the 


vith  0.5  m within 


maize  were  planted  and  spaced  al  0.75  m between  rows  and  0.3  m within  a row.  At 
the  time  of  initiation  of  this  study,  the  unpruned  Ieucaena  plants  were  approximately  3 
m tall;  its  canopy  appeared  to  cast  shade  on  the  first  3 to  4 rows  of  maize  from  both 
sides  of  the  row.  Leucacna  hedges  were  pruned  twice  during  a season:  the  first  at  2 to 
3 weeks  prior  to  the  start  of  the  season  and  the  second  at  7 to  8 weeks  after  the  first 
pruning.  For  the  first  time  since  1989,  the  leucacna  plants  were  sprayed  from  August 
1993  to  October  1993  with  Dimethoate  at  1.2  mL  L*'  against  psyllid  attack 
( HeuropsyUa  cubana ) at  three  week  interval;  severe  incidence  of  the  pest  left  the 
Ieucaena  plants  leafless  during  the  long  rains  of  1993.  The  plots  were  manually 
weeded  twice  after  maize  sowing  with  thinning  done  along  with  the  first  weeding. 
Diptcrex  granules  were  applied  @ 3 kg  ha'1  in  whorls  at  three-week  stage  to  prevent 
stalk  borer  incidence.  The  crops  were  grown  under  rainfcd,  unfertilized  condition. 
Each  plot  was  separated  from  other  plots  by  inserting  a metal  sheet  all  around  to  50  cm 
depth  to  prevent  root  interference  from  the  neighboring  plots. 


Soil  Water 

Soil  water  content  was  monitored  weekly  using  a neutron  probe  in  all  treatments. 
Five  aluminum  access  tubes  were  installed  at  five  distances  on  each  side  of  the  Ieucaena 
rows  or  center  of  the  plot.  The  tubes  were  positioned  in  the  rows  from  which  the  root 
water  was  monitored  from  eleven  layers,  each  15  cm 
' cm  depth.  Soil  water  content  in  the  top  30  cm  was 
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gravimetrically  monitored  at  two 
expressed  as  volumetric  water  content  (%)  ; 
were  subjected  to  analysis  of  variance  and  c 
Significant  Difference  (LSD)  at  5%. 


s suggested  by  Gardner  (1985).  The  data 
smparisions  were  made  using  Least 


Root  Density 

Root  samples  were  collected  during  the  short  rains  of  1992  and  1993;  and,  the 
samples  were  collected  in  all  the  four  treatments,  during  the  tasselling  stage  of  maize 
[59  (DAS;  Days  After  Sowing)],  at  1.125,  2.625, 4.125, 5.625,  and  7.125  m away 
(spots)  from  the  center  of  the  plot  on  either  side  of  leucacna  row.  At  each  spot,  six 
core  samples  were  collected  at  0 to  12.S,  12.5  to  25,  25  to  SO,  SO  to  75,  75  to  100,  and 
100  to  125  cm  depth  intervals.  Considering  the  possible  variability  of  root  data  from 
one  set  of  sample  within  a plot,  a second  set  of  samples  was  collected  from  each  plot 
exactly  at  positions  corresponding  to  the  first  sampling  spots.  Thus,  within  a plot,  four 
samples  were  collected  and  they  were  considered  as  sub-samples  from  each  replication. 

Root  samples  were  collected,  processed,  scanned,  and  analyzed  in  the  same  manner 
as  explained  in  the  "Root  density"  section  of  Chapter  3.  The  statistical  details  of  root 
data  are  presented  in  Table  4. 1. 


lean  square  values  from  the  analyses  of 
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3.076** 

2.827** 

0.672** 

12.035** 

0.536** 

0,546** 

0.117 

0.214 


3.199 
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0.722** 

0.190 

0.258 
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Light 

Lighl  available  10  maize  was  also  monitored  every  week  using  a sunfleck  ceptomeler 
during  the  short  rains  of  1993.  Photosynthetically  Active  Radiation  (PAR:  p mol  m'1  s' 
')  was  recorded  at  the  same  positions  as  the  root  samplings.  Expressing  PAR  in 
relative  terms  could  be  more  useful  in  understanding  the  above-ground  competition 
between  woody  and  nonwoody  species  which  is  the  one  of  the  main  objectives  of  the 
study.  The  data  were,  therefore,  expressed  as  the  amount  of  light  received  by  the 
maize  grown  with  trees,  as  a percentage  of  that  received  by  sole-crop  maize.  The 
collected  data  were  statistically  analyzed  and  comparisons  were  made  using  LSD  at 
5%. 


Maize  Yield 

Maize  was  harvested  row-by-row  and  yield  was  recorded  only  for  6 m width  leaving 
2 m on  either  end  as  border.  Maize  grain  yield  were  reported  separately  after  adjusting 
the  grain  water  content  to  14%.  Total  maize  yield  refers  only  to  the  above-ground 
biomass  (Table  4.2).  In  the  leucaena  grown  plots,  maize  yield  was  expressed  as  the 
percent  of  control-treatment  (sole  maizc)-yie!d.  Relative  influences  of  above-  and 
below-ground  competition  on  maize  yield  were  quantified  using  a regression  analysis. 
For  the  regression  analysis,  the  light  and  root  data  collected  at  55  DAS  of  maize  were 


Soil  Water 

Although  soil  water  was  monitored  on  a weekly  basis,  considering  the  enormous 
amount  of  data,  detailed  water  information  is  presented  only  for  four  critical  growth 
stages  (vegetative,  tasselling,  silking,  and  milking)  of  maize.  Moreover,  because  of  the 
failure  of  the  long  rains  of  1993,  only  short-rains  data  of  1992  and  1993  are  presented. 
In  both  short  rainy  seasons,  soil  water  status  was  always  lower  in  the  tree+crop 

short  rains  of  1992,  soil  water  status  of  the  tree+crop  treatment  was  less  than  1 1 % in 
the  top  90  cm  layer  compared  to  that  of  20  to  25  cm  layer  of  the  sole  maize  (Fig  4.1). 
During  the  short  rainy  season  of  1993,  although  the  tree+crop  treatment  had  the  lowest 
soil  water  of  all  the  three  treatments,  continuous  rainy  events  at  the  beginning  of  the 
season  led  to  soil  water  improvement  in  all  the  treatments.  However,  this  influence  of 
rain  on  soil  water  increase  was  slower  in  the  tree  treatment  compared  to  the 
hedge+crop  or  sole  maize  treatments.  Soil  water  status  of  hedge+crop  was  lower 

the  cropping  season.  Soil  water  status  was  of  similar  pattern  among  the  various 
treatments  during  the  short  rains  of  1993,  consequently,  soil  water  status  under  the  sole 
maize  treatment  was  higher  than  that  of  the  tree  and  hedge  treatments.  At  the  end  of 
the  short  rains  of  1992,  however,  the  difference  was  not  as  significant  as  observed 
during  the  short  rains  of  1993  because  of  rains  during  the  later  part  of  the  1992  season. 
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Higher  soil  water  depletion  occurred  until  tasselling  stage  of  maize,  and  slower  after 
that  in  all  the  treatments  (Fig  4.2  and  4.3).  During  both  seasons,  significant  soil  water 
changes  were  observed  in  the  top  90  cm  in  the  leucacna-based  treatments  and  in  the  50 
to  60  cm  layer  in  the  case  of  sole  maize.  Soil  water  status  did  not  decrease  beyond 
1.35  m depth  in  the  sole  maize  whereas,  in  the  leucaena  treatments,  it  decreased  up  to 
1.65  m depth.  Soil  water  status  in  the  hedge+crop  treatment  was  not  different  from 
that  of  the  tree+crop  treatment  at  the  end  of  both  seasons  (Fig  4. 1).  In  leucaena  plots, 
the  soil  water  was  always  low  near  the  woody  plants. 

Root  Density 

In  both  seasons,  leucaena  trees  had  at  least  twice  as  much  root  density  (Fig  4.4  and 
4.5)  as  of  leucaena  hedges  grown  with  and  without  maize  (Fig  4.6, 4.7, 4.8,  and  4.9). 
Also,  leucaena  root  densities  in  all  the  three  plots  during  the  short  rains  of  1992  were, 
100S  higher  compared  to  those  of  1993;  the  root-density  decrease  during  the  short 
rains  of  1993  occurred  mostly  in  the  top  25  cm  layer.  Tree  root  density  decreased 
progressively  from  the  base  with  increasing  lateral  distances  (Fig  4.4  and  4.5);  density 
was  always  higher  in  the  top  50  cm  layer  which  accounted  for  50-70%  of  the  total  root 
density  in  the  profile.  Hedges  grown  with  and  without  maize,  however,  had  uniform 
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Rg  4.5.  Root  density  of  leucaena  tree  grown  with  maize  at  various  distances 

from  the  tree  row  at  a tree/crop  interface  during  the  'short  rains'  of  1993. 
Statistics  are  given  in  Table  4.1 . 
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SOIL  DEPTH  (cm) 

Rg  4.6.  Root  density  of  leucaena  hedge  grown  with  maize  at  various  distances 
from  the  hedgerow  at  a tree/crop  interface  during  the  'short  rains' 
of  1992.  Statistics  are  given  in  Table  4.1 . 


68 


(gUio  wo)  A1ISN30  100U 


D)t3  3 

■Sgi 


( UJO  LUO)  AilSNHaiOOH 


Rg  4.9.  Root  density  of  leucaena  hedge  grown  without  crop  at  various 

distances  from  the  hedgerow  at  a tree/crop  interface  during  the  short  i 


4.9);  in  addition,  the  densities  were  similar  throughout  the  profile.  In  both  seasons, 
root  densities  of  hedge+crop  and  hedge  only  treatments  were  similar. 


Root  densities  of  maize  were  similar  in  both  the  sole-  and  the  leucaena-based 
treatments.  In  both  seasons,  maize  root  density  was  uniform  at  all  distances  from  the 

trees,  maize-root  density  increased  progressively  with  the  distance  from  the  tree  row; 
during  the  short  rains  of  1993,  maize-root  density  at  7. 125  m distance  from  the  tree 

rains  of  1992  at  all  distances  (Fig  4. 12  and  4. 13).  During  the  short  rains  of  1993,  at 
1.125  m away  from  the  tree,  root  density  was  uniform  throughout  the  1.25  m profile; 
at  other  distances  60  to  70%  of  the  total  root  densities  were  observed  in  the  top  50  cm 
depth.  In  contrast,  during  the  1992  short  rains,  root  densities  were  similar  at  all 
distances  and  they  decreased  progressively  from  the  surface  layers  with  approximately 
70%  of  the  total  density  being  present  in  the  top  25  cm  layer.  Between  the  two 
seasons,  maize  produced  more  roots  during  the  short  rains  of  1993  in  all  the  three 
treatments,  especially  beyond  the  50  to  75  cm  depth  interval.  While  comparing  the 
maize  root  density  in  the  sole-maize  treatment  during  the  two  seasons,  three  times 
higher  root  density  was  observed  in  all  the  depth  intervals  during  the  short  rains  of 
1993;  but,  the  root-density  distribution  in  the  profile  was  of  similar  pattern  during  both 
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Fig  4. 10.  Root  density  of  i 
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In  the  hedge+crop  treatment,  where  the  hedges  were  periodically  pruned,  the  crop 

found  to  intercept  only  1096  of  light  at  1.125  m (Fig  4.14)  compared  to  that  of  the  sole 
crop.  The  percentage  of  light  available  in  the  mixed  stand  treatment,  compared  to  the 
sole  crop,  increased  progressively  from  the  center  to  the  end  of  the  plot  with  almost  full 
light  beyond  5 m distance  from  the  tree.  Throughout  the  season,  the  light  intensity  was 
similar  at  all  distances. 

Yield 

During  both  seasons,  maize  grown  with  leucacna  tree  produced  less  than  the  sole 
crop  (Table  4.2;  Fig  4.15).  The  maximum  yield  obtained  at  the  edge  of  the  tree+crop 
plot  was  2156  and  1427  kg  ha'1  during  the  short  rains  of  1992  and  1993  respectively. 
These  quantities  were  just  50%  of  the  sole  crop  yield  (Table  4.2).  In  the  tree+crop 
treatment,  the  yield  increased  from  4.50  m distance  towards  the  edge  of  the  plot 
coinciding  with  increased  light  interception.  Yield  in  the  first  row  of  maize  nearest  Ihe 
tree  was  <20%  of  the  sole  maize  yield  in  both  seasons  (Table  4.2).  Maize  yields  with 
leucaena  hedge  were  similar  during  both  seasons,  and  was  approximately  90%  of  the 
sole  maize  yield.  Maize  yield  in  the  first  row  of  hedge+crop  plot  was  higher  than  that 
of  other  rows  which  yielded  equally.  The  yield  during  the  1993  short  rains  was  better 


120 


— ~0~  ~Q~ 

TREE+CROP’92  HEDGE+CROP'92 


Rg  4.15  Relative  yield  of  maize  when  grown  with  tree  and 
hedge  at  various  distances  at  the  tree/crop  interface 


the  end  of  the  plot.  The  regression  analysis  showed  that  the  amount  of  light 
interception  by  maize  influenced  the  maize  performance.  The  regression  analysis  also 
demonstrated  that  root  density  of  leucaena  did  not  have  any  significant  influence  on 
maize  performance. 


Discussion 

Soil  water 

Relatively  higher  soil  water  status  in  the  hcdge+crop  treatment  compared  to  the 
tree-based  treatment  could  be  because  of  smaller  transpiring  canopy  of  the  former.  In 
addition,  since  the  hedges  were  pruned  four  weeks  before  the  onset  of  rains, 
transpiration  loss  might  have  been  less.  The  soil  water  content  was  always  higher  in 
the  sole  maize  plots  compared  to  the  leucaena  based-plots,  which  can  be  attributed  to 
the  absence  of  any  transpiring  plants  in  those  plots  beyond  the  season  (Fig  4.1). 

Similar  observations  were  also  reported  in  the  semiarid  tropics  by  Daniel  et  al.  (1991) 
in  Hyderabad,  India,  and  ICRAF  (1992)  in  Machakos,  Kenya.  As  can  be  expected, 
with  the  onset  of  rains  soil  water  status  improved  in  all  the  treatments.  But  the 
"recharging"  occurred  at  varying  rates  in  different  treatments.  In  the  tree+crop 
treatment,  the  recharging  was  slower  than  in  the  hedge+crop  treatment  (Fig  4. 1).  One 
reason  for  this  is  that  the  soil  water  content  was  the  lowest  in  the  tree+crop  treatment 
at  the  beginning  of  the  season.  Continuous  transpiration  by  the  tree  throughout  the 
year,  might  have  led  to  drastic  depletion  of  soil  water  in  the  plots.  In  an  earlier  study 
conducted  at  the  same  site,  the  leucaena  trees  were  reported  to  have  utilized  78%  of  the 


! (1CRAF,  1992). 


could  have  occurred  through  soil  evaporation  as  well,  but  that  was  not  studied  in  this 
experiment. 

During  the  short  rains  of  1992,  although  the  seasonal  rainfall  was  almost  twice  as 
that  of  1993,  most  of  the  rainy  events  Occurred  during  the  later  part  of  the  season 
which  might  have  adversely  affected  crop  growth  at  the  early  stage.  During  the  short 
rains  of  1993,  the  rainfall  received  was  below  average  and  most  of  the  rainy  events 
occurred  before  the  lasselling  stage  of  maize;  this  might  have  led  to  the  early 
improvement  in  soil  water  content  in  all  the  plots.  This  higher  initial  soil  water 
availability  during  the  vegetative  stage,  when  the  water  demand  was  at  its  peak  might 
have  led  to  the  efficient  use  of  soil  water  (Fig  4.2  and  4.3).  It  is  clear  that  rainfall 
received  during  the  early  stage  of  maize  is  more  important  than  that  received  during  the 
later  part  of  the  season. 

While  comparing  the  soil  water  depletion-pattern  among  the  treatments,  in  both 

the  leucaena  rows.  Although  the  magnitude  of  soil  water  exploitation  was  initially  low 
in  the  leucaena  hcdge+crop  plots  in  both  seasons,  increased  soil  water  demand  of 
leucaena  hedges  and  normally  growing  maize  rapidly  depleted  in  the  later  part  of  the 

for  water  uptake;  the  finding  was  similar  to  the  observations  made  by  Daniel  et  al. 
(1991)  in  a pigeonpea  (Cajaim  cajan)- sorghum  ( Sorghum  bicolor ) hedgerow 
intercropping  study. 


! (Fig  4.4  and  4.5).  Between  i 
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was  lower  than  that  of  the  trees  (Fig  4.5, 4.7, 4.8  and  4.9).  This  is  a clear  indication 
that  the  root  density  decreases  when  the  plants  are  shoot-pruned.  Essenstat  and 
Duncan  (1992),  also  working  with  citrus,  had  observed  similar  reduction  in  root 
density  consequent  to  branch  removal.  In  the  present  study,  the  top  SO-cm  layer  had 
higher  root  densities  in  the  root  densities  were  very  much  similar  in  all  the  depth 
intervals  in  the  leucaena  hedges.  Reduction  in  root  density  of  leucaena  plants,  both 
trees  and  hedges,  during  the  short  rains  of  1993  compared  to  the  short  tains  of  1992, 
could  be  because  of  two  reasons:  first,  the  failure  of  the  long  rains  during  1993  might 

we  observed  50-70%  of  the  total  root  density  [the  results  were  similar  to  the  findings  of 
Eavis  and  Taylor  (1979)  who  observed  more  root  activity  and  water  depletion  at  the 
base  of  the  soybean  ( Glycine  max ) plant);  second,  the  psyllid  outbreak  during  the  long 
rains  of  1993  caused  defoliation  and  reduction  of  photosynthesis,  and  therefore  caused 
a severe  reduction  in  the  supply  of  carbohydrates  to  the  roots  even  for  their 
maintenance  respiration. 

without  maize  (Fig  4.8  and  4.9);  this  means  that  interplanting  of  crops  did  not 
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influence  root  production  in  the  woody  perennial.  However,  the  presence  of  the  woody 
perennial  influenced  the  root  characteristics  of  maize.  In  the  case  of  maize  grown  with 
leucaena  trees,  the  root  density  was  lower  at  1. 125  m from  the  row  where  the  leucaena 
trees  also  had  higher  root  density  and  the  soil  water  was  low  (Fig  4.12  and  4.13).  As 
with  the  findings  of  Hamblin  and  Tennant  (1987),  Jensen  cl  al.  (1989),  and  Nakamoto 
(1993),  root  density  in  the  tree+ctop  treatment  was  higher  throughout  the  soil  profile 
because  of  low  soil  water  content  compared  to  other  treatments.  As  with  most 
agronomic  crops,  soil  water  stress  increased  the  root  density  of  maize  (causing  the  root 

was  below  normal  and  the  maize  root  growth  was  affected,  compared  to  the  short  rains 
of  1992  when  the  rainfall  was  above  normal,  suggesting  that  root  growth  increased  in 
the  deeper  layers  when  the  soil  water  content  decreased  in  the  top  layers.  Allmaras  et 
al.  (1975)  had  also  observed  higher  rooting  depth  for  maize  when  the  depth  to  water 

However,  root  density  of  maize  grown  alone  and  with  leucaena  hedge  was  similar  in 
the  deeper  soil  layers  which  shows  that  interference  effect  of  leucaena  roots  on  maize 
roots  was  significant  only  at  the  surface  layer.  The  single  factor  that  influenced  maize 
root  growth  most  was  soil  water  content  as  was  evident  through  the  higher  root  density 
of  sole  maize  during  the  short  rains  of  1993  compared  to  the  short  rains  of  1992. 

Proffitt  et  al.  (1985)  working  with  wheat  ( Trilicum  aeslivum)  under  water-limiting 


dition  had  also  reported  similar  observations. 


In  conclusion,  the  study  shows  that  shoot-pruning  reduces  the  root  density  of  the 
woody  species  which  in  turn  decreases  the  water  uptake.  Pruning,  therefore,  seems  to 
be  an  important  management  practice  to  reduce  both  above-  and  below-ground 


Light  and  Yield 

Light  availability  was  less  near  the  leucacna  rows  where  only  10-20%  of  light  was 
available,  compared  to  that  of  the  sole  crop,  throughout  the  season  (Pig  4.14).  Because 
of  higher  water  demand,  maize  plants  in  the  first  four  rows  from  the  trees  might  have 
prioritized  their  carbohydrate  allocation  for  more  root  production  than  shoot 
production.  This  was  evident  with  higher  root  density  and  better  above-ground  growth 
with  increasing  distance  from  the  center  of  the  plot.  However,  the  influence  of  shading 
and  limited  water  availability  confounded  their  effect  on  maize  yield.  The  regression 
analysis  (Eqn.  1)  combining  both  these  factors  showed  that  light  is  more  influential  than 

Based  on  the  regression  equation  (Eqn.  1),  light  effect  was  significant  and  it  decided 
the  extent  of  competing  ability  of  maize.  In  substantiation,  maize  performed  similarly 
in  the  tree+crop  treatment  during  the  short  tains  of  1992  and  1993  although  the  1992 
season  received  twice  as  much  rainfall  as  in  1993.  These  observations  showed  that 
even  if  there  is  no  competition  for  water,  presence  of  above-ground  competition  may 
affect  the  photosynthctic  activity  of  maize  which  may  result  in  poor  growth. 
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poor  performance  of  maize  under  ircc+crop  treatment  compared  to  sole  maize.  The 
percent  yield  increased  as  light  interception  increased  at  increasing  distances  from  the 
center  of  tile  plot.  The  current  experiment  was,  however,  not  designed  to  separate 
these  effects  of  above-  and  below-ground  interactions. 

Limited  water  demand  by  the  leucaena  hedges  and  the  absence  of  shading  on  crops 
enabled  normal  growth  of  maize  under  leucaena  hedge  plots.  Therefore,  it  can  be 
concluded  that  growing  maize  with  periodically  pruned  hedges  is  more  productive  than 
growing  .with  unpnmcd  trees. 


CHAPTER  5 

ROOT  DYNAMICS  OF  LEUCAENA  LEUCOCEPHALA  AS  INFLUENCED 
BY  PLANTING  METHODS  AND  SHOOT  PRUNING 


Failure  of  expected  performance  of  hedgerow  intercropping  in  the  semiarid  tropics 
led  to  consideration  of  several  management  options  to  reduce  competition  between  the 
woody  and  crop  species.  The  management  of  below-ground  competition  was  thought 
to  be  possible  through  modification  of  the  tree-root  systems  (Van  Noordwijk  et  al., 
1993).  These  management  options  of  both  plant  components  include  different  planting 
patterns  (Williamson  and  Coston,  1990),  depths  of  seed  sowing  (Sharma  et  al.,  1987), 
root  pruning  (Hughes  etal.,  1994)  and  deep  plowing  (Schrolh  ct  al.,  1995).  It  is  well 
known  in  the  case  of  cereal  crops  such  as  rice  that  transplanting  of  seedling  as  opposed 
to  direct  seeding  results  in  better  root  development  (e.g.,  Sharma  et  al.,  1987). 
Similarly,  Williamson  and  Coston  (1990)  found  poorer  vegetative  and  reproductive 

barriers  (restricting  the  root  system  of  a plant  through  a metal  or  polyethylene  sheet) 
compared  to  normally-planted  trees. 

In  an  attempt  to  reduce  the  competition  between  willow  tree  (Salix  matsudana)  and 
Kiwi  plants  (/ictinidia  deliciosa),  Hughes  et  al.  (1994)  pruned  the  roots  of  willow  trees 
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through  deep  ploughing;  but,  root  pruning  did  not  reduce  the  competition  since  the 
perennial  species'  root  spread  (vertically)  was  very  deep.  In  agronomic  intercropping 
systems,  using  a barrier  was  considered  an  effective  way  of  containing  the  below- 
ground competition  (Willey  and  Reddy,  1981).  Under  agroforcstry  conditions, 
however,  no  evidence  has  so  far  been  established  on  the  effect  of  different  tree-planting 
methods  on  root  growth  of  the  woody  perennial.  Singh  et  al.  (1989)  used  barriers  to 
restrict  the  root  system  of  the  woody  species  in  the  semiarid  lands  of  southern  India; 
the  polyethylene  barriers  were  inserted  to  a depth  of  50  cm  after  two  years  of  normal 

water  between  the  woody  and  alleycropped  herbaceous  species.  The  effect  of  using  a 
deep  barrier  right  from  planting  the  tree  has  not  been  investigated. 

Shoot  pruning,  another  management  technique  being  practiced  in  agroforestry,  offers 
the  opportunity  to  recycle  nutrients  from  leaf  biomass  to  soil  for  the  benefit  of  food 
crop.  Shoot  pruning  is  not,  however,  considered  as  a means  to  reduce  the  extent  of 
below-ground  competition.  Fownes  and  Anderson  (1991)  examined  the  impact  of 
pruning  on  toot  growth  in  leucaena  seedlings  in  a greenhouse  environment,  and  found 
reduction  in  root  biomass  as  a result  of  pruning.  Such  greenhouse  information  cannot 
easily  be  extrapolated  to  field  conditions;  it  is  therefore  important  to  observe  the 
pruning  influence  on  root  growth  of  woody  perennials  in  the  field.  Based  on 
moiphometrical  analysis,  Pages  et  al.  (1992)  suggested  root-structure  and  -spread  as 
two  important  characteristics  that  can  influence  the  extent  of  competition.  Root 
structure  refers  to  arrangement  of  roots  of  > 1 cm  diameter  and  root  spread  denotes 
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distribution  of  <2  mm  size  roots  that  were  exposed  in  an  observation  plane.  With  this 
background,  the  present  study  was  conducted  to  study  the  changes  in  the  structure  and 
spread  of  leucaena  roots  as  influenced  by  barrier  usage  and  shoot  pruning. 

Materials  and  Methods 

The  study  was  conducted  in  the  same  experiment,  and  the  plots  had  same 
dimensions,  as  mentioned  in  Chapter  4.  The  experiment  with  leucaena  as  the  test 
species  had  the  following  treatments:  (1)  normally  planted  tree,  (2)  normally  planted 
hedge,  (3)  tree  planted  with  barrier,  and  (4)  hedge  planted  with  barrier,  in  the  normally 
planted  treatments,  the  woody  species  was  grown  without  any  barrier.  In  the  barrier 
treatments,  G1  sheet  barriers  were  used  on  either  side  of  the  leucaena  rows  at  0.5  m 
away  to  a depth  of  1 m;  they  were  installed  at  the  time  of  planting  leucaena  in  1989. 
Ten  rows  of  maize  were  grown,  at  0.75  m x 0.30  m spacing,  in  all  the  four  treatments 
on  cither  side  of  the  leucaena  rows.  The  study  was  conducted  during  the  off-season, 
i.e.,  when  there  was  no  maize  crop,  period  of  1993  (for  treatments  3 and  4)  and  1994 
(for  treatments  1 and  2).  Trenching  method,  as  suggested  by  Bohm  (1979),  was  used. 
Trenches  were  dug  to  have  an  observation  plane,  15  m wide  and  3 m deep  across  the 
leucaena  rows  with  the  plants  at  the  center.  The  walls  were  smoothened  and  sprayed 
with  water  gently  so  as  to  expose  the  root  tips.  Hanging  roots  were  cut  and  the 
root  tips  were  mapped  on  a polyethylene  grid  sheet.  The  roots  of  different  sizes  were 


(1)  small  «2  mm),  (2)i 


. (2mm  to  5 cm),  and  (3)  large  (>3  cm).  If  • 


root  hairs  were  lying  outside  the  observation  plane  (Van  Noordwijk,  1993).  Once  the 
root  tips  were  mapped  diameter-wise,  the  structural  roots  were  completely  exposed  by 
spraying  water.  The  exposed  structural  root  system  of  the  observed  plants  was  then 
mapped  in  the  grid  sheet  and  the  maps  were  redrawn  in  graph  sheets;  later,  the  graph 

software.  Because  of  the  enormous  amount  of  labor  involved,  the  observations  were 
not  replicated;  hence,  the  information  was  not  statistically  analyzed. 


Root  Spread 

Leucaena  tree  grown  with  barrier  had  22  roots  ( <2  mm  in  diameter)  per  100  cm' 
which  was  four  times  as  that  of  the  leucaena  planted  without  barrier  (Table  5.1).  The 
hedge  grown  with  barrier  and  the  normally  grown  trees  had  similar  root  spread  up  to  2 
m from  the  leucaena  row;  but,  beyond  2 m,  the  latter  had  more  roots.  The  difference 
between  the  hedge  treatments  was  clear  as  the  hedge  grown  with  barrier  had 
approximately  7 roots  per  100  cm!,  which  were  seven 
normally  planted  hedge.  While  comparing  the  trees  wi 
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spread  was  observed  near  the  leucaena  rows  in  all  cases;  however,  the  highest  root 
spread  of  hedges  at  any  distance  from  the  leucaena  row  was  less  than  that  of  trees 
observed  at  the  farthest  distance.  In  all  treatments,  the  top  50  cm  layer  had  higher 
roots  compared  to  lower  depths.  As  the  distance  from  the  tree  increased,  however,  the 
spread  was  almost  uniform  in  all  the  layers.  With  regard  to  the  lateral  distance  from 
the  leucaena  rows,  root  spread  declined  drastically  beyond  2.5  m in  almost  all 
treatments  especially  in  the  barrier-used  treatments. 


The  barrier  treatments  had  longer  and  thicker  structural  roots  compared  to  the 
normally  planted  leucaena  (Fig  5. 1 and  5.2).  Leucaena  grown  with  barrier  had  more 
of  >3  cm  diameter  and  deeply  spread  roots  compared  to  leucaena  planted  without 
barrier.  And,  the  normally  planted  tree  had  many  <3  cm  roots  compared  to  the 
barrier-used  tree  (Fig  5.3).  Among  the  treatments,  normally  grown  hedge  had  smaller 

the  barrier  upward  and  produced  roots  in  the  middle  layer  (Plates  1 and  2). 


The  barrier-used  treatments  had  high  root  spread  and  deeply  spread  structural  roots. 
The  barrier  might  have  restricted  the  root  growth  of  leucaena  pushing  the  roots  to  grow 
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might  have  produced  high  number  of  roots  to  utilize  the  soil  resources.  Although  the 
deeper  soil  layers  had  more  soil  water  as  mentioned  in  Chapter  4,  most  of  the  essential 
nutrients  arc  available  only  in  the  top  layers.  Hence  the  structural  roots  moved  upward 
producing  more  roots  in  the  top  layer  compared  to  the  deep  layers.  Increased  root 
production  in  the  top  layer  could  have  been  because  of  presence  of  oxygen  and 
nutrients  in  the  top  layers  at  the  onset  of  the  season;  roots  generally  require  35  pg  0, 
m'1  sec'1  as  suggested  by  Nye  and  Tinker  (1977)  and  Follett  et  al.  (1974).  It  seems  that 
the  thickness  of  the  structural  roots  also  had  a major  influence  on  root  spread  since  the 
structural-root  thickness  was  higher  in  the  barrier  used  treatments  compared  to  the 
normally  planted  leucaena.  As  a result  of  increased  root  spread,  the  extent  of 
competition  in  the  barrier-used  treatments  could  have  been  higher  than  or  similar  to  that 
of  the  ones  grown  without  barrier.  Similar  observations  were  made  by  Singh  et  al. 
(1989)  in  the  semiarid  alfisol  area  in  India. 

Root  spread  and  structural  root  spread  were  relatively  low  in  the  hedge  treatments 
compared  to  the  respective  tree  treatments.  The  periodically-pruned  hedges  became 
photosynthetically  less  active  as  noted  by  Erdmann  et  al.  (1993)  in  Gliricidia  sepium 
under  subhumid  alfisol  conditions  in  Nigeria.  Immediately  after  pruning,  respiration 
demands  of  roots  might  not  have  been  met  which  might  have  led  to  root  death  and 
poorer  root  growth  in  the  hedges  compared  to  the  trees.  It  is  important  to  note  that  soil 
water  availability  could  have  an  important  bearing  in  controlling  root  growth. 
Nevertheless,  the  study  shows  that  (I)  using  a barrier  will  not  inhibit  root  production 
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of  the  woody  species  and  hence  below-ground  competition,  and  (2)  shoot  pruning  could 
be  a useful  practice  in  restricting  root  growth  of  tree  species. 


CHAPTER  7 

SYNTHESIS,  SUMMARY,  AND  CONCLUSIONS 
This  set  of  experiments  was  undertaken  based  on  the  premises  (Chapter  2)  that  the 

species  in  the  semiarid  alleycropping  system  is  competition  for  water  and  that  the  study 
of  root  dynamics  is  an  important  aspect  of  management  of  soil-water  relations  and, 
therefore,  below-ground  interactions.  That  soil  water  was  the  most  important  factor 
deciding  the  performance  of  maize  in  hedgerow  intercropping  was  strengthened  by  the 
observation  that  fertilizer  application  did  not  increase  maize  yields  (Chapter  3) 

hedgerow  intercropping  experiment  reported  in  Chapter  3 showed  that  soil  water  was 
depleted  (aster  in  hedgerow  intercropping  system  than  under  maize  sole  cropping.  The 
hedges  that  had  been  pruned  three  weeks  before  sowing  the  crop  had  already  developed 
an  actively-transpiring  foliage  by  the  time  the  crop  was  sown,  resulting  in  an  active 
water  uptake  by  the  hedge  and  restricting  water  availability  to  the  emerging  crop. 
Apparently,  in  response  to  this  water  stress,  the  crop  developed  a larger  root  system  as 
indicated  by  higher  maize  root  density  under  intercropping  than  sole  cropping.  As  a 
consequence  of  the  combined  total  root  activity  of  leucaena+maize,  the  available  soil 
water  was  rapidly  used  up,  leading  to  rather  acute  water  shortage  in 
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the  hedgerow  intercropping  system  as  the  cropping  season  progressed.  Under  such 
situations,  absence  of  additional  water  through  seasonal  rainfall  will  undoubtedly  result 

hedge  species,  and  thus  increase  water  availability  to  crop,  seems  to  be  to  delay  the 
pruning  of  the  hedgerow  species  to  a week  or  two  after  the  crop  is  sown.  However, 
other  field-management  considerations  may  pose  serious  limitations  to  this  option. 

The  effect  of  shoot  pruning  on  root  activity  and  water  utilization  by  the  woody 
species  was  demonstrated  in  the  trce/crop  interface  experiment  (Chapter  4). 

Throughout  the  study  period,  soil  water  status  in  the  unpruned-tree  treatment  was  lower 
than  in  the  hedgerow  treatment.  Therefore,  the  crop  grown  with  the  unpruned  tree  was 
always  at  a disadvantage  compared  to  that  intercropped  with  the  hedgerow.  Shoot 
pruning  of  trees  not  only  reduced  the  extent  of  its  actively-transpiring  tree  foliage  (and 
shading  to  crop),  but  also  reduced  its  root  activity,  and  therefore,  its  vigor  for  below- 
ground competition.  Thus,  shoot  pruning  appears  to  be  an  effective  management 
option  to  minimize  below-ground  competition. 

Other  than  shoot  pruning,  management  options  such  as  using  a barrier  strip  around 
the  tree  was  not  effective  in  restricting  the  root  activity  of  the  woody  species.  Indeed, 
the  root  activity  of  the  barrier-installed  hedges  was  similar  to  that  of  unpruned  trees 
(Chapter  5),  showing  the  ineffectiveness  of  such  root-barrier  devices  in  reducing 
below-ground  competition  between  the  tree  (hedge)  and  the  crop.  The  tedious  and 
labor-intensive  root-system  characterization  of  pruned  and  unpruned  leucaena --despite 


the  observational  non-replicated : 
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patterns  of  the  species  under  those  conditions;  furthermore,  it  strengthened  the  earlier 
result  that  shoot  pruning  would  be  an  effective  means  of  restricting  root  proliferation  of 
the  species. 

Comparison  of  root  activities  of  leucaena  with  those  of  calliandra,  a potential 

were  similar  in  their  root-system  behavior.  Although  the  studies  were  not  as  detailed  as 
on  leucaena,  these  similarities  suggest  that  the  response  of  calliandra  to  root 
management  could  also  be  similar  to  that  of  leucaena.  Obviously  this  is  an  area  that 
needs  further  investigations. 

Nutrient  contribution  to  soil  during  the  crop  growing  season  through  root  turnover  of 
the  woody  species  is  an  often  postulated  advantage  of  the  hedgerow  intercropping 

through  roots  in  one  cropping  season  of  about  120  days  in  the  hedgerow  intercropping 
system  was  7 kg  N and  0.2  kg  P ha'1,  which  are  not  substantial  amounts  by  any 
standards.  However,  these  results  cannot  be  taken  as  fully  convincing  because  the 
extent  of  root  turnover  that  happens  during  the  cropping  period  may  not  have  been 
properly  estimated  by  the  methods  used  in  the  study. 

In  addition  to  providing  new  insights  into  the  above-summarized  aspects  of  below- 
ion  in  semiarid  alleycropping  systems  (Fig  6.1),  the  investigations  have 
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brought  into  focus,  perhaps  for  the  first  time,  the  methodological  procedures  as  well  as 
difficulties  involved  in  below-ground  interaction  studies  of  herbaceous + woody  plant 
associations.  Root-system  monitoring  will  be  an  important  aspect  of  agroforcstry 
research  in  the  future;  methodological  procedures  for  such  studies  will  need  to  be 
standardized  for  general  use  and  refined  for  specific  systems  and  locations. 

Based  on  the  results  and  experience  of  these  investigations,  a few  items  of  future 
research  that  need  serious  consideration  can  be  identified: 

1 . Timing  of  hedgerow  pruning  in  relation  to  cropping  season  and  its  impact  on  root 
dynamics  of  hedgerow  species. 

2.  Precise  estimates  of  nutrient  contribution  through  root  turnover  in  relation  to 
hedgerow  pruning  schedule. 

3.  Root  system  dynamics  of  commonly  used  hedgerow  species  (other  than  leucaena). 

5.  Soil-water-depletion-pattcms  under  hedgerow  intercropping  in  varying  rainfall 

6.  Water-uptake  patterns  by  the  woody  and  crop  components  at  various  critical  growth 
stages  of  the  food  crop. 


APPENDIX  1 


ROOT  DENSITIES  OF  LEUCAENA  LEUCOCEPHALA 
AND  CALUANDRA  CALOTHYRSUS  IN  A HEDGEROW  INTERCROPPING 
SYSTEM  IN  THE  SUBHUMID  HIGHLANDS  OF  KENYA 


During  the  early  1980s,  when  research  on  hedgerow  intercropping  began,  it  was 
hypothesized  that  incorporating  N.-fixing  woody  species  in  crop  production  fields  could 
improve  soil  fertility  and  crop  yield  on  a sustainable  basis.  The  suggested  management 
system  was  to  prune  the  hedgerow  shrubs  and  add  the  pruned  material  into  the 
interspaces  between  hedgerows  or  alleys  where  food  crops  would  be  grown  (Kang  et 
al.,  1981).  Leucaena  leucocephala  Lam  de  Wit.  (hereafter  referred  to  as  leucaena)  was 
promoted  as  one  of  the  best— if  not  the  best— tree  for  this  type  of  land-use  system 
because  of  its  high  foliage-nutrient  content,  and  its  ability  to  withstand  frequent  pruning 
(Brewbaker,  1987).  In  addition,  because  of  the  high-protein  foliage,  leucaena  was 
widely  considered  as  an  excellent  fodder  species  (Cobbina  ct  al.,  1989).  As  a result, 
most  of  the  hedgerow  intercropping  investigations  in  both  humid  and  semiarid  tropics 
were  conducted  with  leucaena  as  the  hedgerow  species.  Leucaena's  success  as  the 
hedgerow  species  was  more  often  realized  in  the  humid  tropics  compared  to  the 
100 
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(Singh  et  al.,  1989;  Rao  el  al.,  1991). 

Although  leucaena  had  the  ability  to  improve  soil  fertility,  it  was  found  to  be  a 
strong  competitor  with  the  crops,  for  resources  such  as  water  and  nutrients.  For 
example,  in  a study  conducted  comparing  leucaena  with  Cliricidia  septum  and  Senna 
siamea  as  hedge  species  in  the  semiarid  highlands  of  Kenya,  Rao  et  al.  (1993) 
identified  leucaena  as  the  major  competing  species.  In  addition,  leucaena  was  highly 
susceptible  to  the  attack  of  a pest,  psyllid  Heieropsylla  cubana,  and  there  were 
incidents  of  the  pest  outbreak  in  epidemic  proportions  in  many  parts  of  the  tropics 
during  the  early  1990s  (ICRAF,  1993).  Because  of  these,  there  were  serious  setbacks 

desirable  attributes  such  as  N, -fixation,  high  nutrient  content  of  pruned  materials  (both 
for  green  manure  and  fodder),  and  ability  to  withstand  frequent  pruning.  Calliandra 
calothyrsus  Mcissn. --hereafter  referred  to  as  calliandra-was  identified  as  one  such 
hedgerow  species  (Akyeampong  and  Muzinga,  1994;  Duguma  et  al.,  1994).  However, 
its  potential  as  a species  for  hedgerow  intercropping  has  not  been  fully  evaluated. 
Compared  to  leucaena,  this  species  was  reported  to  have  relatively  poor  nutrient- 
releasing  pattern  from  its  foliage  when  used  as  a green  manure  (Handayanto  et  al., 
1994;  Mafongoya,  1995);  this  may  lead  to  reduced  nutrient  supply  to  the  crop  when  the 
species  is  used  in  alleycropping  system.  With  this  background,  a study  was  conducted 
with  the  objectives  of  (1)  comparing  the  root  growth  of  leucaena  and  calliandra,  (2) 
assessing  the  importance  of  incorporating  the  pruned  materials  of  the  hedge  species  on 
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the  extent  of  competitiveness,  and  (3)  studying  the  performance  of  maize  under 
leucaena-  and  calliandra-based  hedgerow  intercropping  compared  to  sole  cropping  in 
the  subhumid  highlands  of  Kenya. 


The  study  site  is  located  at  0B  30*  S and  37”  27'E  at  an  attitude  of  1480  m above 
msl  with  a gentle  slope  of  0-5%.  The  average  annual  rainfall  of  about  1200  mm  is 
received  in  two  distinct  rainy  seasons:  long  rains  (March  to  July;  613  mm)  and  short 
rains  (October  to  February;  450  mm).  Soil  is  deep  and  classified  as  typic  palehumult. 
The  climatic  data  arc  presented  in  Fig  1 . 


The  study  was  conducted,  during  the  long  and  short  rains  of  1993  and  1994  as  part 
of  a collaborative  research  experiment  of  the  International  Centre  for  Research  in 
Agroforestry  (1CRAF)  and  Kenya  Forestry  Research  Institute  (KEFRI)  at  Embu 
(ICRAF,  1994).  During  the  study  period,  the  short  rains  were  much  below  the  normal, 
and  consisted  of  just  a few  showers  during  the  first  two  months.  The  experiment  that 
had  been  initiated  during  the  long  rains  of  1992  with  leucaena  and  calliandra  as  the 
hedgerow  species  and  maize  (Zen  mays  L.,  Hybrid  51 1)  as  the  crop  species  was  in  a 
randomized  complete  block  design  with  four  replications,  and  the  following  treatments: 
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(1)  hedgerow  intercropping  with  calliandra  as  the  hedge  species,  the  hedge  being 
pruned  and  the  pruned  materials  added  in  situ; 

(2)  hedgerow  intercropping  with  leucaena  as  the  hedgerow  species,  the  hedge  being 
pruned  and  the  materials  added  in  situ; 

(3)  hedgerow  intercropping  with  calliandra  as  the  hedge  species  but  the  pruned 
materials  removed  from  the  plot; 

(4)  sole  crop  of  maize  with  pruned  materials  of  calliandra  from  treatment  (3)  added  to 

(5)  hedgerow  intercropping  with  leucaena  as  the  hedge  species  but  the  pruned 
materials  exported  to  treatment  (6); 

(6)  sole  maize  with  pruned  materials  from  (5);  and 

(7)  sole  maize  grown  without  any  pruned  material  or  fertilizer  added. 

The  hedges  were  pruned  once  in  a season  prior  to  the  onset  of  the  season  at  0.S  m 
height.  The  plot  size  was  9 m x 10  m;  the  hedgerow  intercropping  treatments  had  two 
rows  of  woody  species,  spaced  4.5  m apart  and  0.5  m within  rows.  Six  rows  of  maize 
were  grown  between  the  hedgerows  at  0.75  m between  rows  and  0.25  m within  each 
row;  similar  six  rows  in  the  sole  maize  treatments  were  considered  for  comparison. 

Root  samples  were  collected  in  both  seasons  using  the  coring  method,  as  described 
in  Chapter  3,  twice  during  the  long  rains  of  1993,  50  and  80  DAS;  during  the  short 
rains  (when  the  rains  had  failed),  samples  were  collected  only  once,  70  DAS.  In 
hedgerow  intercropping  plots,  root  samples  were  collected  at  two  spots:  0.75  m away 
from  the  hedgerow,  and  in  the  middle  of  the  alley  (2.25  m away  from  the  hedgerows). 
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Five  root  samples  were  collected  at  each  spot  during  the  first  sampling  of  long  rains 
season  of  1993  when  the  maize  plants  were  very  young,  and  six  samples  were  taken  at 
80  DAS.  The  samples  were  collected  at  the  depth  intervals  of  0 to  12.5, 12.5  to  25, 25 
to  SO.  SO  to  75, 75  to  100,  and  100  to  125  cm.  Four  subsamples  were  taken  for  each 
depth  within  a plot.  In  the  sole  maize  treatments,  root  samples  were  collected  from 
three  random  spots,  in  both  seasons,  at  the  same  depth  intervals  as  in  hedgerow 
intercropping.  Root  data  presented  here  are  only  of  fine-roots  ( <2  mm  in  diameter). 
Root  data  were  log-transformed  [log  (x)]  and  the  analyses  of  variance  were  conducted. 
The  significance  of  the  results  were  based  on  the  transformed  data. 

Maize  grain  yield,  adjusted  to  14%  water  content,  was  expressed  row-by-row  in  the 
intercropped  treatments.  The  crop  performance  at  each  row  in  hedgerow  intercropping 
was  compared  with  that  of  sole  maize  plots.  Leucaena  and  calliandra  biomass  (pruned 
materials)  was  recorded  and  expressed  on  fresh  weight  basis  for  both  seasons. 


During  the  long  rains  of  1993,  50-day-old  maize  in  the  control  (sole  maize)  plots 
had  relatively  low  root  density  compared  to  all  other  treatments  (Table  1).  Spot-wise 
13  cm  cmJ  which  was  50% 
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of  that  observed  in  the  calliandra  hedgerow  intercropping  (with  pruned  materials 
incorporated)  treatment.  At  80  DAS,  root  density  in  the  control  sole  maize  plot  was 
approximately  0.15  cm  cmJ  which  was  40%  lower  than  the  hedgerow  intercropping 
plots.  Root  densities  were  similar  among  the  hedgerow  intercropping  treatments  and 
were  higher  in  the  top  0 to  12.5  cm  interval  in  all  treatments  with  gradual  decrease 
with  increase  in  depth.  At  80  DAS,  however,  root  density  in  the  sole  maize  plots 
started  decreasing  in  the  top  soil  layer;  almost  all  other  plots  maintained  the  root 
density  in  the  top  layer  (Table  2). 

During  the  short  rains  of  1993,  maize  root  density  was  higher  in  the  calliandra  plots, 
both  in  the  "calliandra  intercropping"  and  the  *green-manure-of-calliandra-applied 
sole  maize  plots,  compared  to  the  other  treatments  (Table  3).  Root  density  declined 
progressively  from  the  top  layer  to  the  lower  depth  intervals. 

Comparing  the  seasons,  maize  grown  during  the  short  rains  of  1993  had  only  0.08 
cm  cmJ  which  was  50%  of  the  1993-long-rains  crop.  During  both  seasons,  root 
densities  were  similar  at  0.75  m from  the  hedgerow  and  in  the  middle  of  the  alley  (Fig 
2, 3, 4).  Again,  at  both  distances,  the  root  density  during  the  long  rains  was  higher 
than  that  during  the  short  rains. 


In  both  seasons,  calliandra  at  0.75 
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rool  density  of  incorporated  plot  was  higher  compared  lo  lhat  of  the  exported  plot 
during  the  long  rains  at  0.75  m away  from  the  hedgerow;  however,  the  reverse  was 
true  during  the  short  rains  when  the  season  failed.  In  the  middle  of  the  alley,  the 
calliandra  plots  had  almost  similar  root  density  as  of  close  to  the  hedgerow;  however, 
the  leucaena  grown  plots  had  higher  or  similar  root  density  compared  to  the  calliandra 
ones.  In  all  the  hedgerow  intercropping  plots,  both  woody  species,  showed  higher  root 
density  in  the  12.5  to  25  cm  depth  interval  compared  to  the  others. 

Yield 

the  control  sole  maize  especially  when  the  pruned  materials  were  incorporated  (Table 
5).  Among  the  intercropped  plots,  calliandra*  and  leucaena-grown  treatments  (with 
pruned  materials  incorporated)  yielded  2626  and  2404  kg  ha'1  which  was  approximately 
45%  higher  than  the  "pruned-  material-exported"  plots.  While  comparing  the  sole 
maize  plots  which  received  the  pruned  materials  alone,  the  calliandra-applied-plot  was 
not  statistically  different  from  the  leucaena-applied  treatment. 

During  the  long  rains  of  1993,  row-by-row  maize  yield  comparison  in  the  calliandra- 
grown  plots  showed  lhat  the  middle  two  rows  generally  yielded  lower  compared  to  the 
other  rows  although  all  rows  yielded  similarly  in  the  leucaena  plots  from  which  the 
prunings  had  been  removed  (Fig  5).  The  row-wise  yield  among  the 
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Fig  5.  Maize  yield  at  different  rows  away  from  the  hedgerows  in  the 
intercropping  treatments  during  the  long  rains  of  1993 
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calliandra  grown  plots  showed  that  the  prunings-applied  treatment  yielded  2-  to  3-fold 
higher  than  the  one  from  which  primings  had  been  removed. 


A year  after  planting,  the  hedgerows  were  pruned  for  the  first  time  two  weeks 
before  the  long  rains.  The  pruned  materials  from  the  hedgerows  were,  therefore,  of 
two  seasons.  Biomass  production  of  both  species  was  not  statistically  different  (Table 
5).  Within  species,  however,  leucaena  and  calliandra  grown  without  pruned  materials 
being  incorporated  produced  similar  amount  of  biomass  as  that  of  the  incorporated 
ones.  And,  similar  trend  followed  in  the  short  rains.  Generally,  in  both  species, 
biomass  production  was  higher  when  the  pruned  materials  were  exported  or  removed 


During  the  long  rains,  maize  root  density  was  high  in  the  intercropped  treatments 
compared  to  the  sole  maize,  and  this  was  proportional  to  the  respective  above-ground 
biomass  yields  and  the  grain  yield  in  the  intercropped  plots.  Although  all  treatments 

probably  because  of  the  complementary  effects  of  the  woody  species  on  the  crops. 


i very  young  I 


crop.  In  addition,  the  tree  root  systems  were 

During  the  short  rains,  since  the  season  ended  four  weeks  prior  to  the  root  sampling 
(Fig  1),  the  magnitude  of  root  growth  was  considered  as  an  index  to  evaluate  the  maize 
performance.  The  maize-roots  density  was  low,  especially  in  the  top  50  cm  layer, 
although  the  tree-root  density  remained  the  same  as  the  crop  grown  during  the  long 
rains.  This  reduction  in  maize-root  density  could  be  because  of  two  reasons:  (1)  poor 
soil  water  status  during  the  short  tains  and  (2)  increased  efficiency  of  tree  root  systems 
in  water  uptake  (Brouwer  and  Van  Noordwijk,  1989).  However,  since  no  data  were 

Regarding  the  root  characteristics  of  the  tree  species,  calliandra  always  had  higher 
root  density  compared  to  leucacna  at  0.75  m distance  from  the  hedgerow;  the  reverse 
was  true  at  2.25  m distance.  Among  the  calliandra  treatments,  root  density  was  similar 
in  both  seasons.  Root  densities  of  leucaena  treatments  also  did  not  differ  during  the 

deciding  the  root  growth  of  calliandra  and  leucaena.  In  addition,  similar  root  density 

root  systems  are  not  at  all  affected  by  the  seasonal  failure  of  rains.  This  could  also 
mean  that  the  tree  root  systems  had  an  edge  over  food  crop  in  utilizing  the  soil  water. 
If  the  root  density  of  the  tree  species  is  considered  as  an  index  of  its  competing  ability, 
results  showed  that  both  species  can  compete  equally  when  there  is  competition. 
However,  although  leucaena  had  half  of  calliandra's  root  density,  its  effect  on  maize 
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performance  was  similar  lo  Ihat  of  calliandra;  this  shows  dial  leucacna  is  more 
competitive  titan  calliandra.  In  support,  maize  root  densities  in  the  leucaena  treatments 
were  lower  Uian  in  the  other  treatments.  Furthermore,  higher  biomass  production  in 
the  leucaena  plots  compared  to  the  calliandra  plots  explains  leucaena's  ability  to  takeup 
more  soil  water  which  may  result  in  severe  competition  between  the  tree  and 
interplanted  crop  species.  Moreover,  leucaena  can  compete  with  maize  all  over  die 
alley  since  its  root  system  is  uniform  throughout  Ute  alley  (Fig  2,  3. 4).  However, 
given  the  age  of  the  hedge  species,  it  is  too  early  to  draw  any  conclusion  about  the  root 
behavior  in  relation  to  competition;  long-term  root  system  monitoring  is  necessary  to 
explain  die  relative  competitiveness  of  the  two  species. 
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